Iterated tabu search and its modifications for the travelling salesman problem by Eimontienė, Ieva



	















	

		
	
		


 !"!# 
       





 !#" 
"$%&"!%'(   )* 








* 
+,,-




+

.!! %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/
0% 1" %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%2
+% 34 567!* *7" 85 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9
/% 7"5:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%-
2% *! ;'!;<7'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=
2%0#! <4 >*! ;'!;5: ! %%%%%%%%%%%%%%%%%%%%%%%%%%%%%=
2%+"!6*! '! %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%0,
2%+%0*! ;'!;5' (5 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%0,
2%+%+*! ;'!;5<!$< %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%00
2%+%/5*!"!6*! '!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%0+
9% :!"' %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%09
9%0#*<?5 " %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%09
9%+!:6#*<?5@#"!6 <5 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%0A
9%/!:  #*<?5 '!!'4$6 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%0-
9%/%0.!" <!"5 ! %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%0=
9%/%+<!";* %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%0B
9%/%+%0! 6 !C!<*<!!* %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% +0
9%/%+%+?<' ! 6 !C!<*<!!* %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% ++
9%2 !:  #*<?5 '!"(5$6 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+/
A% 5 <!!6;!4*'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+2
A%05 <!;:5": %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+2
A%+'!;(5:*!5!!6 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+9
A%/5 <!;:!;!4*' %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+A
A%2*;!4*';'4 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/=
?" %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%2,
!D!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%20
*!:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%2/
!*<;!!;7":' %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%22
.!" %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%29



/
 !
 ? 5*'; (!5  5!:<); :! <4 '! ! "& 6;
5D! !:! %!#8<4'!;!*<E *"!*! '!FG%
*!  '! # " '#  : 5  <!"7 5#!
<4FG*7"* &!:!"*'<4 <$' ;:!6;#65 %
H ! "!# 5 :!  ? *! ; '!; > !:   #*
<?5 F.GF'%	
G> *"!: !:! %." ?"!#
?#":   *" 5#! <4 *7"* > 567!* 
*7"*FG%<!5'* .I *5;<4*7";5' %*"*'C;
? *7": '5  ?5J#":;#4K5*!!!'!* %
 ?(5:;*! ;"; <!"7!5* *7"* :!#*
<?5 F.G F'% 	 
G% H "!# !6  <#*'  #* <?5 
" & 7  5< !:6 #* <?5% . D':  5 5*!  . "
"(5$6 & # !)   5!   <!"; * F<!!5:G
<!$"D!  F! 6 & C!< ! 5%G& 5*!  C' <! *;  <!";
55:#E% '5 ? D   *"!: . '! ! 5; < D':; "(5$6;
5 <! :!& <*"6  *   <:4"7*  ?   ; <:4"7;
##'5 .3F'%
G%*!4*'<!
< D':;"(5$6;<!?*85;.!;7'*%
!# !*5D!:!5%1"F0I 5:!*6G *(!*'**7"* &<!"
"!# 5 ' # 567!*  *7"  (!*'*% +I  5:!*6
<#D"  <!"  567!*  FG *7"  85 %  /I  5:!*6
<!?  <!5:%  ; 5#!; ! *! ; <4; '!;
 *$6 <!? 2I  5:!*6% 9I  5:!*6 <!?  *6   '!
"(5$6 !<#*'*7" <!"*%5 <!;#":;!4*'!
6; '4 <5 AI  5:!*6%!#  #  ?" & '!D!   8!?*& !;
#  !*5; 7":* ! $6   !*5 '; 5'#% .<'" <5 5 5*!
<!"%





2
"# $%&
!# *7"*  I <!!?5 !'4* ! ? * *! C !:   #*
<?5  '!8& ! 7 5#! <4 *7"*&
567!*  *7"*% .!"  " :   5!  567!*  *7"
 <!";<!!5: #!:  #*<?5 '!:! %!#5 '
I ?! !:   #* <?5  '!8 # 567!*  *7"  <!";
<!!5:;<5C?'!*%
67!* F"!" 5'*6)<!5'G*7": :!<'5: * 
 !?!* * & )* 5<85!8&<!"" !#5'E  %
.!" 5 ' >! !*<* 85' !?!*8%
?5 567!*  FG *7":  F'%  

 G
L0,& 00& +2M (!*'*6  <@ "*  *; !<  5!; #65; F 6*  <!
"  G!$NFG× # #Π& 5*!8  *"!   ' D!;  5);
*05<! :%5 ' :! *! <! :8<∈Π&!5C&5" GF!< 
 Π∈
= &
):!5 '(*5$6@
 G0FGF
0
0
G0FGFGF 


  +=∑−
=
+ O F0G
)'5 <!""CO:!*7"< %.! :*NFF0G&F+G&
%%%& FGG FFG∈P0&+&%%%&QG 567!*  *7":6 5   ;  5& 5<
!& !?!* % H* 6* NFG   7: I86C <'5:8 !?!*  8 %
.! : !; <!  FF0G&F+GG& %%%& FFG&FR0GG& %%%& FFG&F0GG <<!  " 
!?!*J5!< S%
<!5'* .I *5;*7";5' L0,M& "'!? <!E *7"C&!5;
C!558!?!*8&  !?5&5"!5':#;%5*7" 5 '
? <!"7 5   !#  6; < % "' "*  ! ""'  <  
*7"  <!E *"6*! '!L+/M%5?85;'!;!*<E
 *"! 5"' F'% 
	 G L+M& #* <?5  F'% 	

G L02M&  F'% 
G LBM ! !:   '5'   <?5 
F.G F'%   
 '!%   ? !:   #* <?5 
'!;!;!  !"!#%


9
'# ()!*+ %+,-.-&%+/%+*+
<!5'* <')5#!<4L02M*7";5' &5*!6*
 <!" :! <! :&  5 ' (*5$6  "C " (*5$6 & <!? F0G
(!*'% 67!*  *7"* ' J *5 !*S C!; <'5  (*5$6;%
7 *"6 "6 J<!;  *5;S (*5$6 Θ+& 5*! <#!7 5
(!*'@
 Θ+FGNP′T′∈Π&ρF&′G≤+QO F+G
)U # 5*! <! :  ?Π& ρF&′GU  *  !<<! :; !′%
 *<!& 5" <! :  5 ':"7  !"  C<!   *5'"  * !<
?5;<#!7 %.! :;6*! "6
V * <!%
D!'*  #D"  (!' <!?: ?C  *8 !<<! :; !′ ';#D ';&
5*! :!  5!  <! :;  ! ′ <4$6 & %:% GQFGFTPG&F  ′≠=′ρ &
 * 5) %)*!5< 5:&5"6*<!*6 * 5! <! :;
'     * <! :; '; <! & %:% J5!< S F0NFG&
+NFR0GGF0<%G%*!:6& *<#!785 '<5!*@ * 
!<"6;<! :; !′ ':*  5)*';<!;& ); ?<! :;
F<4% G& #  ); 5 F<4% ′G LBM%    * !< <! :;  ! ′
<!?: ?*6*:!5 @
 ρF&′GN Ω O F/G
)#Ω:! *"!:? ;';';<!;FFG&FF"GR0GGF∈P0&+&%%%&QG&
!5;&5"∃&!5 &6
 

=′′
<≤+′′=+



&GG0FG&FF
0&GG0FG&FF
GG0G"FFG&FF  F2G
!#
 

=′′
≤<−′′=+
0&GGFG&FF
0&GG0FG&FF
GG0G"FFG&FF


 % F2#G
<!" <'5 Θ+FG 5!8 <!"C′'< 5&'5* 7*!"**
 *"8 <!"! (!$68F<!!5:8G% <!";! (!$6 &5 '*
J<!6* S ? "*  <!" C J <!"CI5:8S <!?:  "6 "6;
J5!<;S *5<!!* φF&&G<'#%<!!* φF&&G@ Π→Ν×Ν×Π F) Ν 
:!D!; 5);#G"*8<! :8! (!*6C58<! :8′&!<&5"


A
ρF&′GN+O#&<! ::!<?' ';<! & ) #DI6!I6
<4$6 & %:% <!  FFG&FR0GG ! FFG&FF"GR0GGO 6 ?; <!"" 
FC!< G*6 <! FFG&FGG!FFR0G&FF"GR0GGF7!%0<%G%*"!5 '*&
<!!*  φF&&G  *(!*6 <! :8 ′& ! 5C& 6 ′FGNFG& ′FR0GNFG&
′FGNFR0G& ′FF"GR0GNFF"GR0G& 5 0≤&≤∧0W−W−0O # & 6*
−−+≥0&′FR R0GNF− G55 ∈P0&%%%&−−+QF#D 8': ρF&′GN+
'6*75!*G%'*<<#* *"65<5?5<!!* φ(!φ
<!6* ?  !#* 5*! <! : C <! :8 φF⋅&&G% 5* #D"*& <4% *7!? 
 φ⊕=′ !5?;&5"′:!* ?<*"6φF&&G%








	
						

6; J5!<;S  *5 6* '#  *" < 5)* 5 ' (*5$6 
F!?!* 'G  <5:C∆& 5*!  *  ? *6!?!*′ F′NφF&&GG ' F′G
* <!?#** F G!?!*'CFG&%:%
 ∆NFG&FGRFR0G&FF"GR0G−FG&FR0G−FG&FF"GR0G% F9G
FG
FR0G
FR0G
FG
  
J5!< S
<?' 
J5!< S
<!"" 
J5!< S


-
0# -&%+* 
67!* *7": :!'<#D" &)* *5 <!"7 &
5  * "*!  * ""'  *7" < % 7":  :! :< 5*'* &
5"< 7:C! <!5 5: %?6;'#* <:!?@
• 5!;#!?!*<4 F4 GO
•  *;<! : F'?5?;!?!*G%
<'* !?!* !<0/9,B ;<:4": <!": +<%LAM%
<<5*'D !55:@
• 5;*#* ;!?*;* : O
•  <* ";7<'5?);F'%	G<!65 O
• 5! '; !*5D! :! O
•  5';"!#!(5 O
• 5 <;?" : <!"6O
•  "' O
• !*!# !5 ! O
• ! <!<!; * :5?'6!5O
• 5<*!;F'5*5$6 &'5! G5'; *"!: O
• C!!D?; <"*'7'<;5 ! O
• !;!";<4 6*C8 $X8O
• * 5'*56! O
• 5*5$6;&'5! !'(;'";<!65 O
• ""';"*;55;5*< O
• ? "!#;'?5** : !<%LAM


 	
				 !"



=
1# .234+ 2-%34
7 !'*  <4 *7"*  :!  *5*  *(!*'* ! ? <!E %
*5* ?5:'  5  *"! *7"  <!"* !5'8 "'C& # ! ?5
<'; *7" <!!; !5?;% !   !5'*6 '# ""';  5);%
(!5 & ":# & 55  # 5;  !);  <$' &  <!"7:  ?*'5 
<!#' &  "7  * "*!  *  *"  <4 *7" & 5*!;  <!" 
!5'*6 55 ' & *  " "6& <4 !6   *5% "'
55 *7"  <!"* :!  !#* 5* !*  *<!  *7"  <!"*
<!5"!68!6(5:*8%
2%0#! <4 >*! ;'!;5: ! 
<4 *7"; 5 '  :!  *!  S!* 8K <!5'* ; ":"7;
F5;6;& !5?;G 5(D!$68% <4 *7" <8 * 5 ?; 5;6;
C:6; !5?; <! % ;6; C:6  !5?  ' #D  5)&  5);
!5 F5!G& !(& <#& <! : ! 5 #65% .' 6; C!E& '
? 5! " <4 *7"; 5;6; <; !*< @ *7"& 5*!*  5;6;
C:6  !5?  :! ':"7  F<4% !5?  ? !';6;  5); # G ! *7"&
5*!*  5;6; C:6  !5?  :! 5 " 5!  F<4% !5?  ? D!;&
 5;6;  5); ! 5*!  5  #  # G% <4 *7"& 5*!* 
<!*6#D *" 5!<5;6;!5? &5;6;C:6;!5?;
#& %:% #& 5*!6 ?5 J!* ;K 5;6; !5?;& :! # ! # 6*
 * 5)*6&>"5#!<4FG*7" L+/M%
#!<4*7"C'<!?:<! !<'#&5*!:!
' ;6; <!";#%3"!*6*6*#:!"  #4 # "<# 
⊆ "#" :!  ;'; !5?;& 5*!  ' C: <4*7"56&
#%F.:4"7*&6*$%&&###&':!*7"5;6;#&"'*
<#!7<@"(Y(Y%%%Y(&)((###(:!5;6;&5&&###&&
';C:!5?;# F"G%G#E *"!# " <!"&5*!5
 5!  8':  F<!#6* G& %:%%
)
∈ "
 55'  8': '#36&#
'#D *"!:?"" !7 J<! ");S<#; 5)* F7!%/<%G%
# !"' *<>?*6*  <!":!' 6≡ "#





B




 	
#	$	%$&"""	%$'

78*7";5' E *"!*7"&5*!* 5;6;!5?;< :!
<! : % .! : & 5< 7& :! 5*!  !  #  #   5!6);
'; 5%5 # ":6'#D#& *"!:?D!; 5);&! 
**5%H*6*' ;6; <!";#E&5*!*<)*:!#4#F%:%≡ 
" *"! CD!; 5);**5<! :&%:%
%
)

0
+###

∈%0&+###'∀ 0++
,
∀ 0++,'-FAG
)
7:<! :8F <!"CI<! :8G&
><! :
 I86C'8F!CGO
:!'5*7"<L+/M%
 <4*7"* <' <#!7 *! #D *!"   5!   <!";
!   & 55 F' G  <!"* C*  5*!8 !  F!'8G  5E
!5?E%<!&*!#D<#!7(*5$6!F:!!  <! !!: G&5*! 
<#!7 ! :!#&!5?;#><4%!'; 5);#. F!*<7:
!@ →0G% H (*5$6 " <4 *7" 5 ' (*5$6 F <!";
<'* 5!!6*G% '*& <!! " *! '*& ! & 6 5 ' (*5$6 !
*!#D4*6F? ;&(*5$6 !5 4 :!5'?5 (*5$6 
/!4*G%
 ? <!E  5#! <4 *7"C  ! !?5& 5" !5 !<  ;
#  <!";

###
###
('( *! 5C <!"C&5*!5 '(*5$6 !!5?
#D;':7* 'O%:%*!#D*  <!": 
∈ &5 &6@
∈ 


 =
∈
∇∇
'
) GF!T F-G
<!":  
& 5*!  4*6 5 ' (*5$68 !& " *7"  ! F'#'G
<'*  <!"* F'#'*6* <** !#   <**G& #  ⊆ >
F'#'G <';  <!"; #&  !5? !  !
 > <' 5 ' (*5$6 
!5?%
#    <!"  ' <#!7  * 8%  *8 $X!5!4*6
(*5$6 0@ *'' →×ρ & # 5*!   <!"; <! 
 ′  <! 5!)  5!8
8  5E !5?E%    <!" I<! : &  *  !<  <!";

"


0,
"7<#!7 "  
V(*5$6 <'#%H
V *
<#!7 <:4": %!5& 5" 
 ! ′  :!  <!";I<! :;<! ?%  ?
D!'; #D"; <#!7
V  *8 !< 
 ! ′  :!  * 5)* '* & 5*!
:! 5! <! :;
! ′ <4$6 &%:%
%TGQFGFTPTG&F  ′≠=′ρ F=G
'*<#!?"868<'5 (*5$68 '' +@ →Θ F)0'7:#  ;
'; <#; #EG% H  (*5$6  <'# # 5*!  <!"*  ∈ <! 5! #
' ⊆Θ GF  I  <!"   <'5& "! " J<'5;S  <!"; F!# J <!";I
5:;SG #% 5!)  <'5  <:4":  :! "6 J5I<'5S F68 7: 
Θ G%<'5 Θ <#!7<<! @ <!" J5I<'58S *"!  <!"&
5*!J*'ES*"* <!" **&"" *5<5&%:%
QG&F&TPGF ' ≤′∈′′=Θ ρ OFBG
)
:!#5*!  <!":  ?& ρ  I
V *  !< <!";& '#D
!<!*6 !5< ?5 <'5 J!"*  S%
 .!? <!"" 5'# <  *7";  <!" '!* & "! <#!?
'5' <'*   <!"  858% .7:5 GFGF& )) −′=∆ ′  5 ' (*5$6 
!5?;<5:C&*8J<!6* S? <!" C <!"C ′ %<!":  :!" 
'5' <'* <'5  Θ  7'*& 6* 55  <!"* ′  ? <'5 
GFΘ '6 ,& ≥∆ ′ F 5 '(*5$6 <5:):!GO5<!& <!"

<'56Θ !!  <!"*7
L+/M%
2%+"!6*! '!
 H 5:!*6 ?<!"7;<!55*!* '!;5' (55'* * %
.<5#"!6'!;5 $XF<!"G!<7'"!6
*! "#'!%
1#'#".567	56
 '!;5#!<4*7"  <!E  *:! 5! C
""'  !5?5 5!6 @
• *! '!
 ' 5.'!
 #*<?5
 !:6'5'6<?5


00
 
#!"'!
 5"' 
 '!
 '!
• <:5 ''!
• 5 '6'!
*!  '! FG F'% X	
 
G L+/M :! 5 <4
*7";  <!" "& 5*!   5  *!  *5?  55:# & # #D
<'* <!<!8'58% <!"7 *7" <<!  *!"57*
!"***<**'* *  <!"* >'5'<'*  <!"* %"'?
'!'!D!6"!"7"'5'  <?5 F.G'! !# 
'5'86<?5F'%
G%
*!  '! *75!  <!" <'* ! ! !*6& 5"
 *!    <!":  #*  S*'E K * <*  "** 5<  5!  (5 * 
 * %* 5! *<:5 ';'!;&5*!*75!&5" *  <!": 
:! S*'E K * <*  "** 5< ? 5  "*   *  1Z,% <:5 '
'! *7  ?58 !<E <"C !< *! ; ! 5 ';6; '!;% . !6
!*6 <'*   <!" F'#'6 <*G  *!"8& %:% *7"
? <!"8% & '5 & !5' <**< 5&"7:! *   **7"
<5 <<!5'* :#%* !<*&< 7:<'*<?5  '5
<!5'* :# **7"< <#D"7*&)*?*6*<!!"<*
 *!"!6> <!";5 '* S*56 K!"<?5 '5%
!6 *! *  '!*   * "*!  * ?  5!6   ; C! !
"*':<?5**%*! * '!* '5' (5* 7'CC!* #D"* 
<7:* & <4% <' & 55 <!$  ! 55* # !X ':* "'*6& 55 
'!'5*'4& *"*'<  &55!55;:!'! !*5D!;
"';& 5<;& 55  55:#   <!"; <?5 !*  '!  ! %% H;
'!; <5! <"? &'?* <?5  !6;!6;!;&<!""
'!  5' 5  S"7  K <?5  <!$"D!  ! # '# 6*
'5*'4* &S <5) K" L+/M%
1#'#'.567	5	
3"!6*! ;'!;5<!$<  F $XG';#D<!?:  <@
<?5 <!"" *  5!* #D"*  *5 !* <!"  <!"O '* <?5 


0+
<!$   :5"  * 5' '5  5!*   <!"; <!!5:*  ! J<!S
* <!"<!5F 7'C<'5 (*5$68GOJ<!6S'"&5<
!&  <!" "' J<!6;S <! !*6  C  <!"; 55:#E& %:% 5 '
(*5$6 !5? O6<!$ 6*  <!": < !" 8 !  *5'
!  !*  &  <!": JC  SO<!$  E  '&5'<5
# 8':O!*  JC  S <!": '5 <?5 !4*'*%
!'D *! ;'!;<!" 7 :!?@
0% *5 !*F *!*G<!"C <!"CF!# <!";!*<EG%
+%  7' C <'5  (*5$68& '5 8 ! "**    <!" F!
 <!"; !*< G ! (!$6; * *68F* G  <!"CF* G% F  !5'*&
6  <!"F;G ! (! ' #D :5"  *6F;G  <!"F;G
5 ! F! G%G
/%  7' C ! (!$6  (*5$6  !5?EF G *6F G
 <!"*F G&<"!: <!"8%
2% * <!" :!J S&@
F2G  8  <!"C F <!"; !*<EG <5  *6*  <!"* F <!";
!*<G!*"5< 8 <!"C'  !$6 O
F2#G 6**6 F! ?*6;G <!": :!!  *75?'!* 8
! 8&  JC S 8  <!"C 5< !* 8O 6*  <!"  :!
J S&E <?585)  <!"%
9% * <?5  #  8': <5 > 5! F+GUF9G <*5* O <!?*
6*U#%
1#'#0*	
67	
3"! 5#!<4*7"; <!"<!$< :!5 @<?5
<!"" *  5! <!"  <!"O '* :5"   <!" ! &
<*"65*!C! *! C&%:%'5'  <?5 "8%
.!"C  <!"C  *"!: '  5* #D"* F<4% !*6    5;
< 5!6);  5;  5); ? !' M&0L  G% <!" 5 !* '
<*"5*!C! '5'  <?5 '!8%.<! 5 !*6<!"C <!"C&
:! 7'C5 '(*5$6 !5?E%H!5?<! 5)*65585!8&5
5 C "'  *5 !*8  <!"C C!*5  *6  5< % 7*  :!
*"6"7 !6<!C  '! @C5 !*68 <!"CC!*5 5 


0/
5< & 5" 5 ' (*5$6  )  !5?& < 5)* "'  *5 !*
 <!"*&#D;'%<5!6'&5' 5<C!*5C <!"C%
.!" <!"5 !'!*75!<55 * <!"
55:# &"'!5'  <!"! !5'!L2M%
		6
5"'FG"?5  ':<  6$X56&6*
5 '*& !; <!$ ;& :5 );    &  *"!:  ? ""'  5)*  "'';&
% H     ':< & 6 ? <!"7;    J<!"S C ""' 
!6  #D 8&  < & <'< * 7 !68&    < 5 #D 8&
5)8 7* 8     !C ':C − !  5D  #D; C5  5
<55*5? <!D! &< 5*&6C5&%:%&7<!D!8&6 #D;
 ?5J*7!D" S%H"<!"5F0B9/%G#*!<' &4#'*X
! 5% L+0M%  < *"6 3'$ F5 <*G <  5! : " * <#!7"
5:#E& 5"   & C:5*  66  5! <!*!#$6 F< 5*G& <!  ? 
!6  ': F2

G C 58 F2

G& 5 <!D! ': @ 

≥∆
<∆= ∆−
,&
,&0
[
+
+

,+
-+  & )
∆2N2+−20&  3 − 5 % 	!\ L9M ! !5<!$5   * #"!*!  L0=M #*
<!6&<!5E5"'"8 <!"75#!<4
*7"* %
5!)  5 "' '!; !'4$6   5!   * 5 
? 5  F(5! G@<'5 (*5$6&5FJ?'":SG $X!#
 8':%?"7* *"6;<'5 (*5$6;:!"6<!; *5;
(*5$64
%
5"''!;5<!$< :!<<!  @<!"*
 5* F! 5*G #D"*  *5 !*  <!"O ?    <!" 
 <'5  <!5
 <!"C 
′ ! < 5)* 5 ' (*5$6   5!*8∆!N!F
′G−!F
G% <!"  :5' :!
5@ 6* 5 ' (*5$6  !5? <!6 F∆!W,G&   8  <!"C 
 <5  *6*
 <!"*
′ !*"5< ? J?58S ' * #":* O 6*∆!≥,& "!:
<58 *5:# )) ]GF. −=∆ F):!6<!D!G%.!$  E  '&
5' <5 '! #  8':% " '! !4*'  :! !*  
 *!    <!": & )*#D  & 5*! * < 5*6<?5  !$66−  
 <!": JC  S6 *!"*%



02
467	
; '!; FG ! 6;  *"!: <!$<; <!"5* #* 
''"^ L09M%
; '!; 5  :! <!C   '*$6 & :5 )  :66 6
*%.!"  85 &5*! *"6 "'*6'*$6 <!$ * &:!
J"" S ! J<<*'$6S% J"" S :!  5!  '!* & "**  5" 
 %" !7 J"";S!*< *"!J<<*'$68S%!#* "':5 :!!
"   J"" 5* S −  ?5 J""S !% J!  S F!:
#'?5G :!   J"" S& 5*!   *# !*  <! 5: F#D J <!  S *7
5* G&<4%<'5"" C<'5*; 5);%
<4 6  85; J"" S& J<<*'$6S& J"" 5* S
*"6  C<!    85 @ J""*S 5  5!   <!": & J<<*'$6S −
 <!"; # F!5: G& <'*& J"" !S :!  $6*6  * 5 ' (*5$6 
!5?"*6 <!"*%<&5<:   '*$66 ?'5 5 <!* 
J""S&<!<4<'# 5*5*! C <!"C%
!  J '!S * 5  5!8&  *! '; I"8 −
'!; *<?  :# 5' EF?8G%  :# :!5 @
0% <!*6 *!"** <!";J<<*'$6;S%
+% !5' <"!6* 5!*  <!"* ? <!";J<<*'$6 S&
<!:#5  <!" &5*!*!!  5 '(*5$6 !5? %
/% *"6  5! $X4 &5*!  5! (!**6  <!" &
5#*6FJ5!:7SG*!*  <!"* %
2%   !5'*& <*"6  <<'"   <!"; !"4* <!!5:
$X4 %
9%  5!  <!"  J<<*'$6S *6& <?' ? 6 & <4% #' * 
 <!"* !<'566! * #*6 *(!**  <!"* %
!'4*6  '! <!?:8& *5?)* *!":   :# &
J$X4S * 6 *5 <!$"D! %<!6 :# * 6 *
"86 !5 <!$"D!& !)   $X4  !"$?5 "  5! !*&
5!   $X4  − **% .56 7 :6 '5  J<<*'$6 S
*6 −  ?5 J!: S%  <!$"D! *!#D5!6 
5!8& <55 ""'C  5); 5!; & 5"   '!  '; 5!* C
*5? 55:# '5';6C<*8%


09

8#  +&3
9%0#*<?5 " 
 % '!  0B=A   < D' #* <?5  F.G "8 L0+M%   < '#
<<*'!* ! 55 C! 5#!<4*7" &?6;
!(; "'6& !(; "7:& 567!* & 5"! < 5! : ! 5 
*7"  L00M% ! ?  "  . "    "! ?'5 "*' <4
 <$' ;  :; :!6; #65*& *' <5  *6  ?" ! 6  !
<#*'% H  "  !  ?<'  '5'86 <?5% 1<!  5' 5 <?5;
'! < !#6 '5'*  <'*   <!"  *!"* !6  <!"
<'56&'!&<!C .& E <?58 ! *6*&5  *!"  '5'
<'*   <!": & %:% 5" "*6  <!" <'56 C  *!  ! 
 <!"%#*<?5:! !$ ! ;  <!";<?5 <!$  &5*!  '"7
"*5!CJ<!68K*'5'* <*FG&<!5C !* 86C?
 *! ; <!";%.!". :!'5<!6* !"&5!<! 
5:   <!": % )* . :! <!C  <!6 & 5*! :! "!*"7 & 5"
#D;?$5';L++M%
#*<?5<!""*<!"&'#D 5 *!*& <!"
?
#  & <  !$* #D"* 5!6  <!6; ?   <!" C 58 <!$  %
5* <!$"D!  7 * :! '4*6 6  <!" 
 5:;
 <!";#5
&!'5  <!6 &5*! '#* <!F *7G5 '
(*5$6 !!5?E%*!<!);<!6;&< !5  &5*! 7* 
<#' F<""G 5 ' (*5$6  ! !5?E% !*< !& <!6  '5  C
!* 86C5:C <!"C
6?5
%
5 ? !C7 C   !8  <!"C& !5?  <!6  *!
#D"!*"7 %!'4*6C ?C<!68F!#<!6<7:CG5!6
:6&"6#* 8!?*FG%H 8!?C ))< 5*;6;<!6;
J7: K FJ<" 5KG% :"  )) :! "  #*  8!? '*% H  '  :! '#
 !#* @ 6* 6  :! '#7 &  ' #D *  <"*6  $5' O *
!<*& 6* > '# ""' &  <!#6 <?5  !: & J5)  ');S% 
<!6  ?  <!" 
 C  <!"C 
6∈ 5
 :! !5*6  5< #*& 6* 6  F! 6
<7: G :!  8!? % <  5 <  * *  *!C7 C 6* J<'5:* S
 <!"*  ! '! J*7 $5'S% )*& <  5! '5& !C7  C 5 )*


0A
J<'5:* S  <!"*  ' #D *" % '   <!7  & C"  "  
 <!$6  5!!6*  & 5" '  J#* #D S #D ?*5    5! 
<'5 <'5:# &<:4"7*& #*<!68 ? 
 C 
6 ' ' & 6* !
67!

5*!
:!!*  5?'!   <!": G%5#* 8!? &5 <!$6 5!!6* 
:!"?5*6'!:5":6%.<! &<!$  :!# &5
5'5 ?5 *7"* #":; 5)* %#*<?5 <!"<4"*2
<%

	%.		FG
<!""*: @−<!"  <!": O!4*'@∗−!*  !   <!": 
∗
	
		,
	
	:5":#*<?5 $5'8
		′∈Θ′/0⊆Θ/0	Θ′/0−	

				 Θ/0!		"

			,					
#
′[[<5  8 <!"C*6*!*"5<J? ?58S'  !$6 [[
 		 ′!	"		,
)/0)/∗0	∗C !* 8! 8 <!"C
					,
			 
#	
	∗ 
	
1	
'		$	%	23	
9%+!:6#*<?5@#"!6 <5
 !<*"6* "!* *! * "* &<4% #*<?58L00&0+M& "!
?'5!; *5*;&:<) <!"7""  < *7"* &!#5!5*
 <!"* &'#!* <' %!# *  *5**  8':6: (5!@
• '7?5 '5';6;<*; <!";J!"6S55 O
• <?5 J!65!6;S$5'O
• J"!*$X S( %
. !86C ' $X!5!4* 5< <?5  J!65!6;S *7 5'"8  5! 
 <!";J!" S"': L/M%!  <!";#!:!#F'!5*5<
5!8"!*8  8G&<?5 J!65!6 S:!'5:  5 %'
? J"!* $X S ( < !?5 ' #D '#  *5*  *!  '#';6C


0-
<*8 FG& :<)   6 & 5 *7" 5 ' (*5$6 :! "*5 ! !
<*  <5 C '  J5'< ;S  ! & <4%  ?58  *< "*:# J';S
'5';6;<*;J!<5';SF7!%9<%G%





	
' 5 '(*5$6 	<4*7" <!" (! 

."'*!#6* *?'?;:;(5!;C58';!:6
#*<?5F.G%!:6#*<?5F.G:!?*6* ;*! ;'!;
!*<;% .   !*7* !  !:   '5'   <?5  F.G 5$<$6 L+,M%
!:6 '5'6 <?5 L0M  :!  ? *6* ; *! ; '!; ";% .
  'D" & 6 !"$;  !4*'*  ' <! <*"6  5!* 
 <!"; <!!5:* %  ' C "' & . ' #D '5?5 C!"6 5<
J!* !  :S <!$<* !C  <?5   !6% 5   !6  5 '  −
J<!S* '5'<'*   <!"<!5&   <!<5*"" C
 <!";J<!"CS&< *"!<'5   8': !<!L+2M%
9%/!:  #*<?5 '!!'4$6
!:6#*<?5#D""*<!"<F(4 G@
0G  <!"<! *"6#*<?5 '!8&
 +G <!"!5 ! F* G*"65 '* 5!8<!$"D!8%
!< ?; <; <<!  C !<  5   !#*   <!" 5"" !5 
!5 !*7  O#&55*! 6 &5'8'58<:5  *! ! ;
 <!";F%:%< !?5 ?5<?5 J $6SG&6!5 !:5" 
!:  5  <!" !  FJ?'   ! ! SG% . $6*6 <!"
 <!" <!*& * F<!86CG '5' <';  <!"C& !5 
•% *  
'5' <'*   <!":  :!  5!*  * J *!" S& 5 '*& !5 !*6 
* *68  <!"C& <:4"7*& 
4% 5 !*6  <!"C  5 6  ?5&
# '*)J *!*S%!5?)&5 '&5"* *6  <!": J<'";S
5!  !  5    <!" $X!5! 5 % )* 5!* *! #D *75!  !
"!  "! (5 FC! G ': %  !5 !  *! #D  <! "*
	





	

















0=
J <!* S&  <! "* J '< S% .!*6* 6* <?5 <; '# <? C "*5!E
<?58 !*6 * 5; <!";&!#D;<!!"*"<?5 
*  *5*< (!$6O !*6* 6* !5 !  !*; <55
J*'* SF*"*6G <!"!>';J!C78S'C5  C6C
< <!"<!<%5 !*  <!": 
4"<!" <!"
?*6 !*6).<!$"D!"C%.<!$"D!!87*68'5'<';
 <!"C 
•& ?  ' !5 !*6 & ! %% !*   '5'*   <*  F
∗G
JC  S%
<!";<! F.#D"*G ! !5 !< !$*#D"*5!6
55 ! "* 5!;O <<!  . :5": !*5 '" !$6;  5)*%
<#"!. $X<5A<5 '%

	5
.	%.		/0O
[[<!""*: @−<!"  <!": O!4*'@∗−!*  !   <!": [[
	
	$		"[[<!" <!"<! <*"6.<!$"D!8[[
••%
	
	[[:5" !:  #*<?5 $5' [[


				4		#
		$	# 	•&&&"[[<!5  <!": I5"" !5 !*[[
			
	

	'"[[<!5 <!"C!5 !*[[
(	"[[!5 !* <!"C* <!"C_[[
	
			 
#	
	
	
6	
7	5
	%			8	
8#0#"			
4 *6 5'  *; < & 5< #D; !*  5 !* <!"* 
 <!"* % & 'V  L+9M 5 <!*"  <!6 ?" & 5" :! !*
(!*<!"*  <!"* <*"65 '* 5!8(5:;5 !*5$C*! C
'!8&* !*  5*  <!"* %)*?(5:* ;
'!;*!V  !!XV  L0BM & 65 !*5$;U ! 
 *"; U '!; *"6  ! 5 J'5 ? : S@ !4*'; 55:#E ' ?
   !$  '! % 3 & 5 !*5$ *!  '! "7 :!  


0B
<! "! @ "*  '!   <) "*; !5*  *5*! 5
8 ! 8 <C  <!"CO * !<* <"* *! ':#E 5*! C!*  <!"* 
 <!"* %!:  #*<?5 F.G'!!6 ' *7D!!5 
5  5C  <!"; !8& 5  <!"; (!8 <*"6 8 ?
5 !*5$;<!$"D!;%
.!"  . '!  <!":  !*6   5* #D"*%   ! 
<!'"&6'*;!4*';!*8'<!"  <!": &#'  !$ 
 <!";!<!$  %
<!"; <!  *"6 #* <?58 ! ? "!# <!"  5 ' &
"' ?  . <  ) "'* !6 % '* <!?   <!"; *
<!$"D! %
8#0#'5
<!"; * < 5!  U "! (5* <?5  <!$ 8& J? 5'"S
<?58 55 C C!    <!"; !"  "': % * * ! 5 '
"*6  <!"  ?5  *!":&  *!*O !)* !5?)& !*6 *68
 <!"C& 5& 6*  <!": <'";5! ! 5   <!"
$X!5! 5 &# *<)* *!#D*75!  !<55  *  !<   !
*6* <!"%
<!"; !5 !*  D' *" J"76S <!!5: <!$"D!8% H8
<!$"D!8 *"!!: <!"7 F7!%-<%G@
G <!"J"4!$6SF"'  *!": GO
#G <!"   F"' G <!!5:  <*"6 < !58 <!
'!8O
$G <!" : %
.!6 7  *  <!":    ?5  *!" & ? 5" % *
* <!" U 5!"' <!"%* *6 &<4* 
"'   <!":  ′% !)6 7 :6 '5   <!"  : & %:%  5!
 &!<6;!  ′&<6*C8 <!"C%1:5"E?* ! 7 * &
*!!5 !*8 <!"C′&5*! !* 5<<!" J?5 S' <!$ *%






+,

9	
*	
2:8	)$	2	

<!"7567!* *7"C& CC!D  <!";*#D"
L-M% '; * <!!; <:4"7 :!@  *5 *$6& C!< *$6&
! 6  F<!G *$6 ! 5% ; * <!!; '* !$6  <5 
=<%

;	
<	
	"	
	=	2	/	0>?	2	/%0>

/	
0	2	/20

5<"".'!(5:*'< C&< D':<#*'*
<!!L=MU  ! 6 ! C!<*<!!* #?<'  ! 6 !
C!<*<!!* %
!* *<!?:!5 !<!$"D!'#D5 !'!:* <?5 
"! (5 % 5C <<'"8 "! (58 FJ?'86CS <?5  ! !8G 5 '
5: "   <?5   $6  6 & %:% *& 5 <55 '8 '5
!<8 <:5   *!  ! ; F'5' <';G  <!"; F7! B<%G% .<! )* *
6* '!:;6C !5 !8 ' !'4*   5< *6&    5
 <!"!8%

J"4!$6S
<!$"D!
 : 

         
         
         

< !5 !?!*  F5!  5)* 
 ;G<!) F  ;? " :
!5!*6&5<<!":<5 '':6G
9:

         
         
         

< !5 !?!*  <?' ?  
 !C!< 56<4$66
9:

         
         
         

"*< !5!?!*  *5) 
9:


+0

	
		8	2	2	2	=
/	0		2
	28	)2$@/%0		2
)2$>		A8	B	B?
8#0#'#"
	;				
! 6 !C!<*F1G<!!*6L=M<6*  <!"';
!  F<! G ! !*; '; C!< 56  <!"<4$66%3
&1<!$"D!6*: <<'" ! 6 !C!<6 &5*! * &5
!*68 8&%:% <!"';F!?!* ;G!5C *"!!
 <!" ' >  7' C & 6 !6  !?!*  #D; *7"! %
!*6;  <!" ';  5)*  F  ' G FµG <#!7 * ':C
F <!*8G% 5* ': * :  :! '#  !#* &  5 * *5? 
55:#  <!"* %<"!:'5 <!;#D"*F7!%A%/ 5%G%
1 <!!*  5 <!$<  '* !*6  0,<% !'*  ! 6  !
C!<*<!$"D! <!?: <5 00<%

	
7
?	
			
	=
		
	
/	0>2	
	
/%0






	
















	
	




   	 
   
9:


	
	




   	 
   






	














9:

         
         
         
         
         
         
         

< !5 !?!*  <?' ?
   &<!) F5<!! 6 
*$6 6*G&<C!< 566
F<?&5<C!<*$6 6*G
9:

         
         
         
         
         
         
         

9:
 5! ! 6 !C!<*$6 6 
* &5!*68 8 *"!
!<! :'


++


		)*) +	* 	
[[<!""*: @<−   <!": F!?!* G&− ; 5)* &µ−*': F <!* G[[
[[!4*'@ _ −**  <!": F!?!* G[[
	

≠"−				*	
,-	.
	#		*	   	 −
  
/µ−-≤	 	-µ"
			-	−/-"
-	−/0µ−	//-"
	
 GF 
 = [[ '!*6&* 8  [[
/µ−-≤	 	  - &_ µ"
			  - &_ 	−/-"
  	−/0 &_ -µ−	//-"
	



  _ 
	

 	
7
?	
2:		5	
		%	=2:	5<6*F`&&:&6&5G	"	`>		CB	2	>
?	B:>		CB	2	
8#0#'#'6<	
	;				
3"!   ! 6  ! C!< * 6  :! <#*'& ?<' 
! 6 !C!<*F1G<!!* L=M%.#*' U!8!
C!<85:&5'  <!"&%:%!?!*  %H*6*:!
 !#* "!  ;  5)*  FDG <!5  > <!5'*  * !6!?!*
 ;  5)*  ":"7@ 5* ""    ;  5)* & * "** 5!; #*  '5 
! !C!< %1<!!* (*5$ $X'* !*60+<%
.!5  <!"CI5""8 **& 5 "   J5$!* 
<?5 S  !6% H* 6* 5""  * <!$"D! :! !*   "**
* *!  '5'<'*  <!": %'"7(5* *& * :<?58
5!  <!";!"  !: &#D';'5'<'; <!";<'5 %



+/

 	
7$
?	
			
	
9%2 !:  #*<?5 '!"(5$6 
 5 <!  <!"* & #* "(5*  ! !:   #* <?5 
'! @
0G."" #*<?5  5*F!"4G': >5 5*':
5($  ':*  * > :5"  "! #* <?5% HC 5($8
 *7*  5 ,%B9 > '!  !" "**  5; ":"7;% )*
5($8  *7*  "! "**& '! 5  !" <!"*  5;
":"7;&5*!**  <!"* <!&#<#'%
+G *7 #* <?5   $6  ':# > C"  *6  #* 5($ &
5*!":" '" * :;#:'6&#'!:5":*6 :! * 6 
 *"$5'!$6; 5)*! C56 $6  8': > <!$6 
!*7"!*"; 8': %
/G *7*7"!*";F#*G 8!? 5*":"7>'! "(5*6 
<& 6 *7"!*"  8!? ":"  5 <'< * <!"" < 8 8& !
<5 ":"7* : <' 5*  5)* %
5 "(5$6 :!  *"!:   5!  '! !'4$6; ! 6  !
E   * < 5* & 5*!  * !4*' :! !  * <!?  #** ;% 5*
#D"*'!5! :5" ':%3<)'!;"(5$6;&"!
#*5)'"  #:' C!D * :F5($G%










         
         
         
         
         
         
         

?<'  ! 6 !C!<*$6 
6 * &5!*6!C!<
"***   


+2
=# .*. .,2.)3
5 ? !  *"!:; ."(5$6; (5:*8& #* '5 5 <!
:!  * C!      <:4"7  F"* G ?   ; <:4"7;
'5!  ##'5  .3 F'% ,	
8 '		 % E%	5G L+AM%
5!)#**"6? "*: @
	;	
	1;	
%	5	
%	
%9	
%	1	
23	
;	
	
89	
81;	
86	
		
%	
2	
96	
9	
	
		
	
9	
9	
	
		%	@ 5)* <"&<4%9+&0+-*!" ; 5);%
'!; C!* *"6 7 <'D   <!"% ; 5 ' (*5$6 
<' !5? << * '5!6##'56.3%
5 <!;:5":*<!!F,'F)3,'G#*<!?:
. $'5'#! *5<'*!. $'F! 6,%B%0G5<'!*%.!!:5":
3<5<*!*&5*!:!'(! /
45"7<!$ !* !90+3
<!:  %<!$  >a"b c..!(  '%.!!  
*&5 <!! #*5: %
A%05 <!;:5": 
5 <! #* :5"  *  5!  <!! "(5$6  F! 6 G%
   ! 6  #* *"6 5 <!!@N0, F >*'  !;  5)* G&
N, F > '5 <!#6 <7: G& N,0+/29A-=B
F >  5;  5); ! G% .!5'*  *  ;  5)*  !
"*; #:'  <#D"7 !$6;  5)*  <!5  5 & 5" #D; * <'* 
!4*'!*7;7* '5%
. 5* !:  5 <! #* '5  *"*  !$6;  5);   
  <:4"7 !<"*#* <5!;<'";FGFJ! !;KG 5);%


+9
A%+'!;(5:*!5!!6
.!"'!! 6:!.d,0& *6':   5 ! 6 I*.d,+
5 .d0/% .d02I .d0A ! 6  *"6  !4*'; <':*& 5   
    *"  !$6;  5)*  ! <"*#  <5!; <'";
 5)* %
.': #*< !55(5:*5!!6@
• :5":'5 
• "*  :5 5 '(*5$6 FG*5!:< *<' !5? U δ 
F << GF0,,  −=δ LeM& )   :! *; 5 ' (*5$6  !5?; F!?!*; ';G
"*!5 &< 5)* '5* 0,'!<5!;:5":;&<:!<'
5 ' (*5$6  !5? F<'  !5?  '  *7 ? '5! 
##'5 .3GGO
•  <!";&  ); J0e <'* !'S Fδ ≤0G&  5)*  F5 '5 0,
<5!;:5":;GU-0eO
•  ; <'"; !*  <! : 5 ' (*5$6  !5?;&  *<); F!#
! ;G *!* 7!5?&55  - %
'D *!4*'<5'' A%/ 5:!':6%


















+A
A%/5 <!;:!;!4*'
 '5; 5 <!; :!; !4*' <5 0I0, ''  ! 0/I0=
<5 ''* %
0''%5 <!;:!;!4*'
!δ !"#$"
%&


 '(

(
 
<:4I
"7
<"%
 I
; 5%
FG
<
.d,00 .d,++ .d,//
( +=, +=, +9-B 1>8 '>?= "?@" 9&+ 2&,/ =[, 2&/ 9&2/ =[+
( 2= 2= 0,A+= ,&0 0&,9 0,[= ? ?>1' "?@A ? ?>1' "?@A
( #: +B +B +,+, ? ? "?@"? ? ? "?@"? ? ? "?@"?
( #!'9+ 9+ -92+ ? ? "?@"? ? ? "?@"? ? ? "?@"?
( #!0+- 0+- 00=+=+ 0&- 0&0 0,[A 0&9 ,&/+ 0,[B ">0 ?>"' "?@B
( #*!02 02 //+/ ? ? "?@"? ? ? "?@"? ? ? "?@"?
( $X09, 09, A9+= ">0 ">"" "?@= 0&+ +&9- 0,[2 0 0&+= 0,[9
( "0B= 0B= 09-=, '>8 ?>=0 "?@" +&- 0&-A 0,[0 +&2 ,&-= 0,[+
( '0,0 0,0 A+B " ">8B "?@8 ,&B +&=A 0,[9 ,&= +&92 0,[/
( !0- 0- +,=9 ? ? "?@"? ? ? "?@"? ? ? "?@"?
( !2= 2= 9,2A ?>' ? "?@"? ? ? "?@"? ?>" ? "?@"?
( !BA BA 99+,B 0&0 0&+2 0,[+ ?>A ?>AB "?@1 ,&- ,&B/ 0,[9
( 5!0,, 0,, +0+=+ ,&+ ,&2- 0,[= ,&0 0&09 0,[A ?>" ? "?@"?
( 5!#0,, 0,, ++020 ,&9 0&A9 0,[2 ,&2 0&B0 0,[2 ?>0 ">0B "?@=
( 5!$0,, 0,, +,-2B ?>1 ? "?@"? ,&9 ,&9 0,[B ,&2 ,&A0 0,[=
( <!-A -A 0,=09B ,&+ ,&B- 0,[= ?>" ? "?@"? ?>' ? "?@"?
( <!0,- 0,- 22/,/ ?>B ?>AC "?@= ,&B 0&/- 0,[2 ,&= 0&+B 0,[A
( <!+BB +BB 2=0B0 B&9 +&09 0,[, 00&0 +&AA 0,[, B ">A0 "?@'
( !BB BB 0+00 ,&B 0&2 0,[A ?>B ?>00 "?@C ,&A ,&20 0,[A
( !"0,, 0,, -B0, ,&- ,&=A 0,[= ?>8 ? "?@"? ,&9 ,&2/ 0,[B
(  0-9 0-9 +02,- 0&- ,&2 0,[+ 0>" ?>0= "?@? 0&9 ,&2 0,[/
(  -, -, A-9 ?>C ? "?@"? ?>1 ? "?@"? ?>0 ? "?@"?
( *09B 09B 2+,=, 0&9 ,&-9 0,[B ">8 ? "?@"? ">' ? "?@"?
"*!5 0&+=-, ,&-B9-  0&/=+A,&B0=-  ">"?AC ?>CC=8 

0.d,0><!" !:  #*<?5 ! 
+.d,+>. *C!<*$6&5 ; 5%':* 0
/.d,/>. *! 6 !C!<*$6&5 ; 5%':* /
+-
+''%5 <!;:!;!4*'
!δ !"#$"%&

 '(

(
 
<:4I
"7
<"
 I
; 5%
FG
<
.d,22 .d,99
( +=, +=, +9-B 1>1 '>1 B@0 2&= 2&,- B[/
( 2= 2= 0,A+= ?>" ?>1' "?@A ?>" ?>1' "?@A
( #: +B +B +,+, ? ? "?@"? ? ? "?@"?
( #!'9+ 9+ -92+ ?>" ? "?@"? ?>" ? "?@"?
( #!0+- 0+- 00=+=+ ">0 ?>0 "?@A 0&9 ,&/+ 0,[B
( #*!02 02 //+/ ? ? "?@"? ? ? "?@"?
( $X09, 09, A9+= 0 ,&2A 0,[= " ?>'B "?@B
( "0B= 0B= 09-=, '>1 ">"0 "?@? / 0&9 0,[0
( '0,0 0,0 A+B ,&= /&0= B[9 ?>B '>?C "?@=
( !0- 0- +,=9 ? ? "?@"? ?>" ? "?@"?
( !2= 2= 9,2A ?>" ? "?@"? ?>' ? "?@"?
( !BA BA 99+,B ,&- 0&29 0,[2 " ">'1 "?@0
( 5!0,, 0,, +0+=+ ,&0 ,&A= 0,[- ?>" ?>0' "?@C
( 5!#0,, 0,, ++020 ,&/ 0&/ 0,[A ?>0 ?>8' "?@A
( 5!$0,, 0,, +,-2B ,&/ 0&0 0,[- ?>1 ? "?@"?
( <!-A -A 0,=09B ?>' ? "?@"? ?>" ? "?@"?
( <!0,- 0,- 22/,/ ,&= ,&BB 0,[- " ?>0 "?@B
( <!+BB +BB 2=0B0 B +&2B 0,[, "">1 ">AB "?@0
( !BB BB 0+00 ?>= ?>'8 "?@A ,&A 0&B= 0,[9
( !"0,, 0,, -B0, ?>8 ? "?@"? ?>8 ? "?@"?
(  0-9 0-9 +02,- ">8 ?>'8 "?@8 0&= ,&/A 0,[,
(  -, -, A-9 ?>1 ? "?@"? ?>= ? "?@"?
( *09B 09B 2+,=, ">' ? "?@"? 0&9 ,&-9 0,[B
"*!5 ">"'"C ,&-0/,  0&/2-= ?>=BC? 

2.d,2>. *! 6 !C!<*$6&5 ; 5%':* 9
9.d,9>. *?<' ! 6 !C!<*$6&5 ; 5%':* 9
+=
/''%5 <!;:!;!4*'
&δ &	0e[	<

%&

 '(

(
 
<:4I
"7
<"
 I;
 5%FG
<
.d,AA .d,--
( +=, +=, +9-B 2&A A&/+ B[, 1>= 0>"1 B@0
( 2= 2= 0,A+= ?>" ?>1' "?@A ?>" ?>1' "?@A
( #: +B +B +,+, ?>" ? "?@"? ? ? "?@"?
( #!'9+ 9+ -92+ ? ? "?@"? ?>" ? "?@"?
( #!0+- 0+- 00=+=+ ">8 ?>1" "?@B 0&9 ,&-A 0,[-
( #*!02 02 //+/ ? ? "?@"? ? ? "?@"?
( $X09, 09, A9+= 0&+ 0&9- 0,[A ">" ?>BA "?@=
( "0B= 0B= 09-=, +&A 0&0A 0,[, '>C ?>AC "?@'
( '0,0 0,0 A+B ?>B ">C8 "?@1 ,&B +&+/ 0,[9
( !0- 0- +,=9 ? ? "?@"? ?>" ? "?@"?
( !2= 2= 9,2A ?>" ? "?@"? ?>" ? "?@"?
( !BA BA 99+,B ,&B 0&29 0,[2 ,&B 0&20 0,[/
( 5!0,, 0,, +0+=+ ?>" ?>A= "?@C ,&0 0&0+ 0,[9
( 5!#0,, 0,, ++020 ,&2 0&02 0,[A ?>0 ?>8' "?@A
( 5!$0,, 0,, +,-2B ,&2 ,&BB 0,[= ?>1 ?>" "?@B
( <!-A -A 0,=09B ?>' ? "?@"? ?>' ? "?@"?
( <!0,- 0,- 22/,/ 0 0&9+ 0,[9 " ">1A "?@=
( <!+BB +BB 2=0B0 0, +&A2 0,[, "? ">B0 "?@"
( !BB BB 0+00 ,&A ,&0- 0,[B ?>= ?>?A "?@B
( !"0,, 0,, -B0, ?>8 ? "?@"? ?>8 ? "?@"?
(  0-9 0-9 +02,- ">A ?>'" "?@C 0&= ,&/9 0,[2
(  -, -, A-9 ,&A ,&-2 0,[B ?>= ? "?@"?
( *09B 09B 2+,=, ">8 ? "?@"? ">8 ? "?@"?
"*!5 0&+A9+ ,&B+=/  0&+A9+ ?>==B" 

A.d,A>. *! 6 *$6&5 ; 5%':* 9
-.d,->. *C!<*$6&5 ; 5%':* 9
+B
2''%5 <!;:!;!4*'
! 6 !C!<*$6&5 ; 5%':* 9
&δ &	0e[	<
%&


 '(

(
 
<:4I
"7
<"%
 I
; 5%
FG
<
.d,== .d,2B .d,B0,
( +=, +=, +9-B 2&A /&== $ 1>1 '>1 B@0 2&/ A&B -[0
( 2= 2= 0,A+= ,&0 ,&9A $ ,&0 ,&2+ 0,[= ?>" ?>"B "?@B
( #: +B +B +,+, ? ?  ? ? "?@"? ?>" ? "?@"?
( #!'9+ 9+ -92+ ?>" ?  ?>" ? "?@"? ? ? "?@"?
( #!0+- 0+- 00=+=+ 0&9 ,&/+ $ 0&/ ,&/ 0,[= ">0 ?>"8 "?@B
( #*!02 02 //+/ ?>" ?  ? ? "?@"? ?>" ? "?@"?
( $X09, 09, A9+= 0&0 0&90 $ " ?>1= "?@A 0 ,&B= 0,[A
( "0B= 0B= 09-=, +&A ,&B2 $ +&2 0&0/ 0,[, '>0 ?>AC "?@"
( '0,0 0,0 A+B ,&B /&=+ $ ,&= /&0= B[9 ?>A 0>?' A@=
( !0- 0- +,=9 ? ?  ? ? "?@"? ? ? "?@"?
( !2= 2= 9,2A ?>" ?  ?>" ? "?@"? ?>' ? "?@"?
( !BA BA 99+,B ,&B 0&29 $ ,&- 0&29 0,[2 " ?>C1 "?@8
( 5!0,, 0,, +0+=+ ,&+ 0&0/ $ ?>" ?>=A "?@C ,&0 ,&== 0,[-
( 5!#0,, 0,, ++020 ,&2 ,&B2 $ ,&/ 0&/ 0,[A ?>0 ?>C "?@A
( 5!$0,, 0,, +,-2B ?>1 ?>0  ,&/ 0&0 0,[- ?>1 ?>0 "?@B
( <!-A -A 0,=09B ?>' ?  ?>' ? "?@"? ?>' ? "?@"?
( <!0,- 0,- 22/,/ ?>B ?>B"  ,&= ,&BB 0,[- ,&B 0&2= 0,[9
( <!+BB +BB 2=0B0 0,&+ +&9- $ B '>1B "?@? B&A +&A+ 0,[,
( !BB BB 0+00 ?>= ?  ,&A ,&+9 0,[= ,&A ,&// 0,[-
( !"0,, 0,, -B0, ,&9 ,&2/ $ ?>8 ? "?@"? ,&9 ,&2/ 0,[B
(  0-9 0-9 +02,- ">C ?>'0  0&9 ,&+9 0,[9 0&= ,&// 0,[/
(  -, -, A-9 ?>= ?  ?>1 ? "?@"? ?>= ? "?@"?
( *09B 09B 2+,=, ">8 ?  ">' ? "?@"? 0&2 ,&-9 0,[B
"*!5 0&+ABA ,&=+9-  0&0+0- ?>C"0?  ">'???,&=B=- 

=.d,=>.&5 5;":"7;': ':* 0&0
B.d,2>.&5 5;":"7;': ':* ,&B9
0,.d,B>.&5 5;":"7;': ':* ,&=9
/,
9''%5 <!;:!;!4*'
! 6 !C!<*$6
&δ &	0e[	<
%

 '(
(
 
<:4I
"7
<"%
 ;
 5%
FG
<
.d0,d000 .d00d00+
( +=, +=, +9-B 1>1 '>11 B@" 2&B 2&92 =[0
( 2= 2= 0,A+= ?>" ?>1' "?@A ?>" ?>1' "?@A
( #: +B +B +,+, ? ? "?@"? ? ? "?@"?
( #!'9+ 9+ -92+ ?>" ? "?@"? ? ? "?@"?
( #!0+- 0+- 00=+=+ 0&/ ,&/ 0,[= ">8 ?>"' "?@B
( #*!02 02 //+/ ?>" ? "?@"? ? ? "?@"?
( $X09, 09, A9+= ">" ?>1= "?@A 0&/ 0&+= 0,[9
( "0B= 0B= 09-=, +&2 ,&B+ 0,[, '>8 ?>C "?@"
( '0,0 0,0 A+B ,&= /&0= B[9 ?>A '>81 "?@0
( !0- 0- +,=9 ? ? "?@"? ? ? "?@"?
( !2= 2= 9,2A ?>" ? "?@"? ?>" ? "?@"?
( !BA BA 99+,B 0 0&29 0,[2 ?>B ?>B0 "?@8
( 5!0,, 0,, +0+=+ ,&0 ,&A= 0,[- ?>" ? "?@"?
( 5!#0,, 0,, ++020 ?>1 ">0 "?@= ,&2 0&/B 0,[A
( 5!$0,, 0,, +,-2B ,&/ 0&0 0,[- ?>0 ?>=" "?@A
( <!-A -A 0,=09B ?>" ? "?@"? ,&+ , 0,[0,
( <!0,- 0,- 22/,/ " ?>BB "?@C ,&B 0&+B 0,[A
( <!+BB +BB 2=0B0 0,&+ +&-2 0,[, B>1 ">11 "?@"
( !BB BB 0+00 ?>= ?>'8 "?@A ,&9 ,&20 0,[A
( !"0,, 0,, -B0, ?>= ? "?@"? ,&A ,&2/ 0,[B
(  0-9 0-9 +02,- ">A ?>'C "?@0 0&9 ,&2+ 0,[/
(  -, -, A-9 ?>8 ? "?@"? ?>8 ? "?@"?
( *09B 09B 2+,=, 0&9 ,&0= 0,[B ">0 ? "?@"?
"*!5 0&+/B0 ,&-+9+  ">'?AC ?>C"A0 

00.d0,d0>.&5<<'" #*5($ F.<d5(d#*G':* ,%0& ; 5%':* 9
0+.d00d0>.&5<<'" #*5($ F.<d5(d#*G':* ,%0& ; 5%':* /
/0
A''%5 <!;:!;!4*'
! 6 !C!<*$6
&δ &	0e[	<%

 '(
(
 
<:4I
"7
<"
 ;
 5%
FG
<
.d0,d+0/ .d00d+02
( +=, +=, +9-B 1>C 1>0A A@" 9 -&/- -[0
( 2= 2= 0,A+= ?>" ?>1' "?@A ?>" ?>1' "?@A
( #: +B +B +,+, ? ? "?@"? ? ? "?@"?
( #!'9+ 9+ -92+ ? ? "?@"? ? ? "?@"?
( #!0+- 0+- 00=+=+ 0&A ,&9B 0,[- ">1 ? "?@"?
( #*!02 02 //+/ ?>" ? "?@"? ? ? "?@"?
( $X09, 09, A9+= ">' ?>1= "?@A 0&+ +&20 0,[+
( "0B= 0B= 09-=, '>= ?>8A "?@" +&2 ,&-- 0,[,
( '0,0 0,0 A+B ,&B +&=A B[A " '>0A B@8
( !0- 0- +,=9 ? ? "?@"? ?>" ? "?@"?
( !2= 2= 9,2A ?>" ? "?@"? ?>" ? "?@"?
( !BA BA 99+,B ,&B 0&A2 0,[2 ?>B ">'0 "?@0
( 5!0,, 0,, +0+=+ ,&2 ,&-2 0,[- ?>" ?>?8 "?@B
( 5!#0,, 0,, ++020 ,&2 0&9= 0,[9 ?>1 ">"0 "?@C
( 5!$0,, 0,, +,-2B ,&2 0&/ 0,[- ?>1 ?>0 "?@B
( <!-A -A 0,=09B ?>' ? "?@"? ?>' ? "?@"?
( <!0,- 0,- 22/,/ ,&B 0&0 0,[A ?>B ?>=" "?@A
( <!+BB +BB 2=0B0 B&= +&9/ 0,[, B>= ">'0 "?@'
( !BB BB 0+00 ?>= ?>00 "?@C ,&A ,&9= 0,[9
( !"0,, 0,, -B0, ?>= ? "?@"? ,&9 ,&2/ 0,[B
(  0-9 0-9 +02,- ">A ?>'' "?@8 0&9 ,&2+ 0,[/
(  -, -, A-9 ?>= ? "?@"? ?>8 ? "?@"?
( *09B 09B 2+,=, ">8 ? "?@"? ,&= 0&9 0,[=
"*!5  0&+-=/ ?>A"10  ">'?10 ,&B,9- 

0/.d0,d+>.&5<<'" #*5($ F.<d5(d#*G':* ,%+9& ; 5%':* 9
02.d00d+>.&5<<'" #*5($ F.<d5(d#*G':* ,%+9& ; 5%':* /
/+
-''%5 <!;:!;!4*'
! 6 !C!<*$6
&δ &	0e[	<%
 '(
(
 
<:4I
"7
<"
 ;
 5%
FG
<
.d0,d/09 .d00d/0A
( +=, +=, +9-B 1>8 1>0A A@" 2&B -&-+ -[0
( 2= 2= 0,A+= ?>" ?>1' "?@A ?>" ?>1' "?@A
( #: +B +B +,+, ?>" ? "?@"? ?>" ? "?@"?
( #!'9+ 9+ -92+ ? ? "?@"? ?>" ? "?@"?
( #!0+- 0+- 00=+=+ 0&9 ,&9B 0,[- ">1 ?>"' "?@B
( #*!02 02 //+/ ? ? "?@"? ?>" ? "?@"?
( $X09, 09, A9+= ">" ?>1= "?@A 0 +&20 0,[+
( "0B= 0B= 09-=, '>C ?>8A "?@" +&A ,&=A 0,[,
( '0,0 0,0 A+B ,&B +&=A B[A ?>B '>0A B@8
( !0- 0- +,=9 ?>" ? "?@"? ? ? "?@"?
( !2= 2= 9,2A ?>" ? "?@"? ?>" ? "?@"?
( !BA BA 99+,B ,&B 0&A2 0,[2 ?>A ">'0 "?@0
( 5!0,, 0,, +0+=+ ,&+ ,&-2 0,[- ?>' ?>?8 "?@B
( 5!#0,, 0,, ++020 ,&/ 0&9= 0,[9 ?>1 ">"0 "?@C
( 5!$0,, 0,, +,-2B ,&/ 0&/ 0,[- ?>1 ?>0 "?@B
( <!-A -A 0,=09B ?>" ? "?@"? ?>" ? "?@"?
( <!0,- 0,- 22/,/ 0 0&0 0,[A ?>B ?>=" "?@A
( <!+BB +BB 2=0B0 B&B +&9/ 0,[, B>= ">'0 "?@'
( !BB BB 0+00 ?>= ?>00 "?@C ,&9 ,&9= 0,[9
( !"0,, 0,, -B0, ?>= ? "?@"? ,&9 ,&2/ 0,[B
(  0-9 0-9 +02,- ">8 ?>'' "?@8 0&- ,&29 0,[/
(  -, -, A-9 ?>8 ? "?@"? ?>8 ? "?@"?
( *09B 09B 2+,=, ">' ? "?@"? 0&9 0&9 0,[=
"*!5 ">''=" ?>A"10  0&+/2= ,&B/0/ 

09.d0,d/>.&5<<'" #*5($ F.<d5(d#*G':* ,%9& ; 5%':* 9
0A.d00d/>.&5<<'" #*5($ F.<d5(d#*G':* ,%9& ; 5%':* /
//
=''%5 <!;:!;!4*'
! 6 !C!<*$6
&δ &	0e[	<
%&

 '(

(
 
<:4I
"7
<"
 ;
 5%
FG
<
.d0,d20- .d00d20=
( +=, +=, +9-B 1>B '>= B@" 2&0 2&2A =[0
( 2= 2= 0,A+= ?>" ?>1' "?@A ?>" ?>1' "?@A
( #: +B +B +,+, ? ? "?@"? ?>" ? "?@"?
( #!'9+ 9+ -92+ ? ? "?@"? ? ? "?@"?
( #!0+- 0+- 00=+=+ 0&A ,&/ 0,[= ">0 ?>"' "?@B
( #*!02 02 //+/ ? ? "?@"? ? ? "?@"?
( $X09, 09, A9+= ">' ?>1= "?@A 0 0&+= 0,[9
( "0B= 0B= 09-=, +&- ,&=- 0,[, '>0 ?>C "?@"
( '0,0 0,0 A+B ,&= /&0= B[9 ?>A '>81 "?@0
( !0- 0- +,=9 ? ? "?@"? ?>" ? "?@"?
( !2= 2= 9,2A ?>" ? "?@"? ?>" ? "?@"?
( !BA BA 99+,B ,&B 0&29 0,[2 ?>A ?>B0 "?@8
( 5!0,, 0,, +0+=+ ,&+ ,&A= 0,[- ?>" ? "?@"?
( 5!#0,, 0,, ++020 ?>1 ">0 "?@= ,&/ 0&/B 0,[A
( 5!$0,, 0,, +,-2B ,&2 0&0 0,[- ?>1 ?>=" "?@A
( <!-A -A 0,=09B ?>' ? "?@"? ?>' ? "?@"?
( <!0,- 0,- 22/,/ " ?>BB "?@C ,&= 0&+B 0,[A
( <!+BB +BB 2=0B0 0,&9 +&2B 0,[, A>= ">11 "?@"
( !BB BB 0+00 ?>C ?>'8 "?@A ,&A ,&20 0,[A
( !"0,, 0,, -B0, ?>= ? "?@"? ?>8 ?>10 "?@B
(  0-9 0-9 +02,- ">A ?>'C "?@0 0&9 ,&2+ 0,[/
(  -, -, A-9 ?>8 ? "?@"? ?>8 ? "?@"?
( *09B 09B 2+,=, 0&9 ,&0= 0,[B ">0 ? "?@"?
"*!5  0&/,=- ,&-0B0  ">"?AC ?>C"1A 

0-.d0,d2I.&5<<'" #*5($ F.<d5(d#*G':* ,%,B9& ; 5%':* 9
0=.d00d2I.&5<<'" #*5($ F.<d5(d#*G':* ,%,B9& ; 5%':* /
/2
B''%5 <!;:!;!4*'
! 6 !C!<*$6
&δ &	0e[	<
%&


 '(

(
 
<:4I
"7
<"
 I
; 5%
FG
<
.d0+0B .d0/+, .d,/+0
( +=, +=, +9-B 2&B 2&+- =[0 1>= '>"C "?@' 2&/ 9&2/ =[+
( 2= 2= 0,A+= ,&0 ,&2- 0,[= ?>" ?>1' "?@A ? ?>1' "?@A
( #: +B +B +,+, ? ? "?@"? ? ? "?@"? ? ? "?@"?
( #!'9+ 9+ -92+ ? ? "?@"? ? ? "?@"? ? ? "?@"?
( #!0+- 0+- 00=+=+ ">1 ?>?1 "?@B ">0 ?>?1 "?@B 0&/ ,&0+ 0,[B
( #*!02 02 //+/ ?>" ? "?@"? ? ? "?@"? ? ? "?@"?
( $X09, 09, A9+= 0&0 0&09 0,[9 " ?>8' "?@A 0 0&+= 0,[9
( "0B= 0B= 09-=, +&9 ,&BB 0,[, +&2 0&,+ 0,[0 '>1 ?>CA "?@'
( '0,0 0,0 A+B ,&B +&- B[A ?>A '>81 B@= ?>A '>81 "?@0
( !0- 0- +,=9 ? ? "?@"? ? ? "?@"? ? ? "?@"?
( !2= 2= 9,2A ,&0 ,&0= 0,[B ?>" ? "?@"? ?>" ? "?@"?
( !BA BA 99+,B 0 0&,= 0,[2 ,&- 0&,= 0,[2 ?>C ?>B0 "?@8
( 5!0,, 0,, +0+=+ ?>' ? "?@"? ?>" ? "?@"? ?>" ? "?@"?
( 5!#0,, 0,, ++020 ?>0 ">' "?@= ,&2 0&=/ B[A ,&/ 0&/B 0,[A
( 5!$0,, 0,, +,-2B ,&2 ,&9 0,[B ?>0 ? "?@"? ,&2 ,&A0 0,[=
( <!-A -A 0,=09B ?>" ? "?@"? ?>' ? "?@"? ?>' ? "?@"?
( <!0,- 0,- 22/,/ 0 0&9= 0,[9 ?>A ?>BB "?@= ,&= 0&+B 0,[A
( <!+BB +BB 2=0B0 B&B +&BA 0,[, 00&9 +&+2 0,[, B ">A0 "?@'
( !BB BB 0+00 ?>= ?>00 "?@C ,&9 ,&20 0,[A ,&A ,&20 0,[A
( !"0,, 0,, -B0, ?>= ? "?@"? ,&9 ,&=A 0,[= ,&9 ,&2/ 0,[B
(  0-9 0-9 +02,- ">C ?>'A "?@0 0&A ,&/0 0,[2 0&9 ,&2 0,[/
(  -, -, A-9 ,&A ,&=B 0,[B ?>1 ? "?@"? ?>0 ? "?@"?
( *09B 09B 2+,=, ">0 ? "?@"? ">1 ? "?@"? ">' ? "?@"?
"*!5 0&+9++ ,&=,BA  0&+2-= ?>='C1  ">"?AC ,&--A9 

0B .d0+ > .& 5 !?* ! < *7"!*";  8!? !#  Fd	 ! 
d	G :!
': ,%,B,%; 5%':* /
+,.d0/>.&5!?*Fd	G*7"!*"; 8!?!#':,&,B,&<F
d	G
*7"!*"; 8!?!#':,%0/,%; 5%':* /
+0.d,/>.&5!?*Fd	G*7"!*"; 8!?!#':,&00,&<F
d	G
*7"!*"; 8!?!#':,%0/,%; 5%':* /


/9
0,''%5 <!;:!;!4*'
! 6 !C!<*$6
&δ &	0e[	<
%&


 '(

(
 
<:4I
"7
<"
 I
; 5%
FG
<
.d02++ .d09+/ .d0A+2
( +=, +=, +9-B /&+ /&B+ 0,[0 A>' 0>" "?@" 9&9 9&+- B[,
( 2= 2= 0,A+= ,&0 ,&2+ 0,[= ?>' ?>"B "?@B ,&= ,&/= 0,[=
( #: +B +B +,+, ? ? "?@"? ?>" ? "?@"? ?>" ? "?@"?
( #!'9+ 9+ -92+ ?>" ? "?@"? ?>0 ? "?@"? ?>" ? "?@"?
( #!0+- 0+- 00=+=+ ,&9 0&/B 0,[2 ">0 ?>C "?@1 ,&= 0&2B 0,[+
( #*!02 02 //+/ ?>" ? "?@"? ? ? "?@"? ? ? "?@"?
( $X09, 09, A9+= ,&9 /&/+ B[2 ">1 ">8" "?@1 ,&= +&B/ 0,[0
( "0B= 0B= 09-=, 0&2 0&B/ 0,[0 1>' ?>8A "?@" +&+ 0&20 0,[,
( '0,0 0,0 A+B ,&+ /&B- B[0 ?>C ">B" "?@1 ,&2 /&=+ B[/
( !0- 0- +,=9 ? ? "?@"? ?>" ? "?@"? ?>" ? "?@"?
( !2= 2= 9,2A ,&0 ,&/A 0,[= ?>' ? "?@"? ,&0 ,&0= 0,[B
( !BA BA 99+,B ,&/ 0&-2 0,[2 ?>C ">08 "?@0 ,&/ 0&/B 0,[/
( 5!0,, 0,, +0+=+ ,&+ ,&00 0,[B ?>C ? "?@"? ,&2 ,&+ 0,[=
( 5!#0,, 0,, ++020 ,&/ +&0B B[9 ?>C ? "?@"? ,&2 ,&0- 0,[B
( 5!$0,, 0,, +,-2B ,&/ ,&,+ 0,[B ?>A ? "?@"? ,&2 ,&9+ 0,[A
( <!-A -A 0,=09B ?>" ? "?@"? ?>1 ? "?@"? ?>' ? "?@"?
( <!0,- 0,- 22/,/ ,&+ 0&0B 0,[A ?>A ?>A8 "?@= ,&2 +&00 0,[+
( <!+BB +BB 2=0B0 2&+ 9&,= =[, "0>= 0>?= "?@? - A&09 B[,
( !BB BB 0+00 ,&/ 0&9- 0,[+ ?>C ?>8 "?@= ,&2 0&2B 0,[2
( !"0,, 0,, -B0, ,&+ +&02 0,[9 ?>C ?>10 "?@B ,&2 ,&90 0,[=
(  0-9 0-9 +02,- ,&= ,&9+ 0,[0 '>A ?>0B "?@' 0&/ ,&90 0,[0
(  -, -, A-9 ,&+ 0&2= 0,[= ?>0 ? "?@"? ,&+ ,&-2 0,[B
( *09B 09B 2+,=, ,&= 0&92 0,[= '>1 ? "?@"? ">' ? "?@"?
"*!5 ?>="0? 0&2/,,  0&-B9- ?>=008  0&,+0- 0&+-+A 

++ .d02 > .& 5       <:4"7   *"  !$6;  5)*  Fd0N0,,G%
; 5%':* /
+/.d09>.&5    <:4"7  *" !$6; 5)* Fd0N0,,G!
<"*# <5! :5"; 5)* FN+G%; 5%':* /
+2 .d0A> .&5     <:4"7   *"  !$6;  5)*  Fd0N9,G !
<"*# <5! :5"; 5)* FN+G%; 5%':* /
/A







    














 !













)%*++
)%*++
)%*+

 	
!"	5"5"8	)	>	?
					%)2	
/.d.G>@.d.1G>058				
5H

"#!"

!
!
!
!

!
!
!
)%*+ )%*+ )%*+
$%!













1	
!"	5"
5"	
	









    














 !













)%*+
)%*+

	
!"	5"5"8	)	>	
			2"	A	
8%		
		"	"	A


/-









    














 !













)%*+
)%*+

6	
!"	5"5"8	)	>	I	H			2"	A
	
8%				"	"	A

"#!"
!
!
!
!
!
!
!
!
)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


)%
*
+


$%!













0-	
!"	5"
5"	
	

&%!'
!
!
!
!
!
!
)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


+

)%
*
+


)%
*
+


$%!













; 	
!8		%		
	


/=
A%2*;!4*';'4
.!  :! "'  * #* <5   * <!$"D! & 5*!  #*
!'4*  .d,+I .d,- ! 6  F0I/ '' G% .' **  !4*'* & 5"&
"* :5*5!:<*  !5? &!*  !4*'**"6
< D*$68&5 ; 5)* :!':* 9F.d,AG%*? ! 6 !4*';
'#"* '5 ! ?<'   ! 6  ! C!<*$6  F1&5N9G* 
!5?  F.d,2G% )*  *? "* '5 7'* !*  !4*' #* *
<*"6 ! 6  ! C!<*$68&5 ; 5)*  ':* /F.d,+G%"'
' :!#*'5*"6! 6 !C!<*$68&5)/!#9
 ;"'C%
#* <?5  '! * 5)  5; ":"7; ':C * !4*'
<!":2''6F.d,/&.d,=&.d,BG%.'?* !4*'* &5"!* 
!4*' :! *& 5  5* ': ":"7 5($  :!   7   *7 0
F.d,/G%
9I= ''  <5 :! !4*'& 5*!; * #* * & 55
<<'"#*5($":"7**!* !4*'%:!*#*':
!4*'&   1&5  ;  5)*  ':* / ! 9 F.d00 ! .d0,G%.' ** 
!4*'*  ' & 5"  $6  4  !4*'  '# ""'  C5 
*!& )* <!6  !*      ! 6  ! C!< *$6& 5
 ; 5)* ':* /%5*!;!4*';<': <!": 0/<%
 B ''6  :  !4*' <!"& 5" <""*  *7"!*"; F#*G  8!? ":"C&
* "*  :5 *5!:< !4*' :! !   +0&09e *7 <!" 
! 6 F.d,0G!4*'* %57'*!4*'<!50/&=9e%
 3"!5 <!;!4*'F?0IB'';G<50-I0=<%
 . 5*  5 <!  #*  5!  * : 558 C58 "! !$6; #
<5!;<'"; 5)* F02<%G%.'** !4*'* F0,''G&5"
      <:4"7   *"*  !$6;  5);& * "*# #' 
!4*'"* :5*5!:<7'*& !"*#! !4*'<!! 
"!# '5 7'* F.d02G F09 <%G% ."*#*  <5! <'"  5);
F.d09G&<!! "!#'5 <'6+&B/5!&)*"* :5*5!:<
!4*'  *76 +&+A 5!% . 5*  5 <!  #* :5" & 5 !$6;
 5)*   *7  <! <* E& <5! <'"  5)*  <'5  5  <
F.d0AG% .':*   * .d02 ! 6  !4*'  <!!  "!# '5  <""6 0&A-


/B
5!&  "*  :5 *5!:< !5?  *76 5 ,&=B 5!% .' ** 
!4*'* '"!:?"8&5"<5!<'" 5)* <"" *!""'E
C58 !4*' % "' C!*  "*  :5 *5!:< ! "!# '5 !4*';
!5?*8&'"!:?"8&5"!  :!< 5*:!! F.d0AG&
5*! * <!!  "!#  :5  '*& )* * !  "*  :5
*5!:< !4*' F0A<%G%*5?  55:#  !4*'&!  !< 5<! ?5 5
' C'58& 5:!!**#'  55:# !4*'&*<!!*< C'58%
 



2,

D%&+
% H"!#!6 "(5*  !:   #*<?5  F.G '! 
 ?  *"; 5#! <4 *7"; f 567!* 
*7"*% & 5" 567!*  *7":  :! .I *5* & ! (5:;
*! ; '!; ? *7"* 5D!    "! #! 5*' ! "*'
:!6;!6 %. D':  .'!"(5$6  !:!#": 
<! "#*' * !5 !*6*6* '!* ?*7"*%
% .!" "(5* !:   #* <?5  '! "6 :! & 5" :!
 5 <! C<! E #* <?5  5  $X8& <*"6  5!* 
<<'"*   <!"; <!!5:*  F*$6 G # <!5 55 C
<'  <!!;!5? %
% .!"  * 5 '  :!  5!*  * ! (!* '5' <'* 
 <!"*  f 6; <!"* J *!*S f ! 5!6 #* <?58 * ;
!5 !*;  <!"; < 55 C "" *   <!"; J<!"* S& <
 *"!<'5   8': !<!'#'<'; <!";%
% .'!"(5$6 #* ':   *<!" F#4G .'!! 6%
"(5$6  #* ?#":   * C!; <; 567!*  *7"   
<:4"7  F"* G ? 567!*  *7" "*; ##'5 
.3% < <!" 5 <!; !4*'& < D':  '! "(5$6 
C' < 5 !   55:#   <!"* & 7* *'* *  * '#'6
<*%
% ! < 5 ! 55:# !4*' &5 '!'*?55;.
<#*'#D";%'<#*'';#D  * 6E  *55 <*
<!!; <!5:*% < < #D; 5 ' ?#": < D':8 '!8&
 <!"75* *7"* %


20
3.E
L0M  .#F#3#> 3 ,#*# 9#:# E2	 '	23  -%		 	&
	X$X !@a':&0BB-%
L+M .#F#3#> *	 ,#F# #>  3G	 #,# ## *'" '% %! &
%% ! F!"%G& E2	 '	23  -%		 	&a':& 	X$X !& 0BB-&
B0>0+,%
L/M(#>G	664#X!$#* !$X%*' 	-8&0BB2&
'%A&0+AI02,%
L2M (6 #> (6	 ,#>  H #> 	6 ,#%  !b (  
X*! $'!X (!$#!'<4<!#' %7)	2$238

	5	&+,,2&!%0F/,G
L9MIJ%# X!":$'<<!$X X !' ' <!#'@(($
 *''!X%$X%<!&	* ! :&3! '&	&0B=+%
LAMI		K#>!''' .!#'L!5:* M%+,,-% *  %>L7D!+,,-I
,9I,+M%.!<!!8@WX<@[[bbb% <%$X%"*[Z
L-M &L #> L #> *
 I# #F#> 37 #>  7 #F# $
'!X  (! X !'  '  <!#'@  !b ( !<!   " <!! %
 )2	782*
J&0BBB&'%0/&0+BI0-,%
L=M .	< #>  H # !:6 #* <?5 ! 6  "(5$6 
567!*  *7"*&  <*#'5  5(!$6  J(!$  $X'6 
+,,-K<!?;"7&* &$X'6&+,,-&2A+I2AA%
LBMM6(#> L#>$ '$'  !$X'!X (!  '  :!$ "
 :!$ !'  '  <!#' % .!$"  ( X 0BBA  !'
	(!$'*!:	<*&:&<&0BBA&A0AIA+0%
L0,M4 ##>,	G	&##-	7	2	%5= K3,35)DC
-&!$ $@!&0B-B%
L00M46	M#>37 ##* !$X%'*b!&0BB-%
L0+M46	M%&#*!$X@*!'&7)	2&0BB,&+,F2G@-2IB2%
L0/M4	67&#.#>$'!X  !$X&<4 "$X!&
"" Ia ':&"&&0B=B%
L02M 4	6 (#>  ,#> K6 .# ' X !'  '  <!#' bX
'I# "X*! $ @$<*I' *":%7+++,		2'5><	>	
-5%2>	 &+,,+&'%/+&-+I--%


2+
L09MF	66 ,#F#  		  D		 	  )2	 '5& ! : ( $X
.!  &!#!&0B-9%
L0AM ,	G	 &##>  4	G  3### X !'  '  <!#'@  $   *":% 
%! &%% !F" %G&E2	'	23-%			&	X$X !@a':&
0BB-&+09I/0,%
L0-M,	G	&##$'<4"X!' ' <!#'%728)
3 93 7		 -L   		> E	8	8 	 8	8 E2
D-'22&3!'@<!!&0BB,&'%22/&22AI2A0%
L0=M* #>46 I#&#> ,#>%G ## <4 #:  *'" '%
'22&0B=/&%++,&A-0>A=,%
L0BM3#>*7G(#K## (($ X*! $ '!X (! X !'I ' 
<!#'%	*	23&0B-/&'%+0&2B=I90A%
L+,M 3		> F##N  > +#N L6> # !" '$'  !$X% @ '!& %O
$X#!!%F"%G&M	%)<	32%!b''@'*b!&+,,+&/+0>/9/%
L+0M 		6#>	6G#>	6G #>66#g*( $'$*'
#:( $<*$X %	)-32	352&0B9/&%+0&0,=->0,B+%
L++M H #& !:   #* <?5  '!  567!*  *7"*&
 <*#'5  5(!$6  J(!$  $X'6  +,,9K <!?; "7&
* &$X'6&+,,9&B0I0,0%
L+/M H #& "!6 *!  <4 '!& 5 'I!6
"!#F! !%!%I,2,-=G 5&* &+,,2%
L+2M H#*"!$!<!$<'# "<<!$X(!Xg*"!$  
<!#'% E2 D  - '22& +,,/& '%+-+/@K2 	 +
	5
-	−K+--F	X$&G&28&	7&%	hI.4&%% !&
%#'%F" %G&9B=IA,B%
L+9M 6 4# X !'  ' @ $<*'  '*  (! . <<'$ %
E2D-'22&3!'@<!!&0BB2&'%=2,%
L+AM 6 4# .3 −  !'  '  <!#' '#!!:% *'  	 
-8&0BB0&'%/I2&/-AI/=9%<<7!%@L!5:* M%+,,2%>L7D!+,,-I,9I
,+M%.!<!!8@
WX<@[[bbb%b!%*IX"'#!%"[!*< [$<[ (b![.3B9[Z
L+-M 	 I#F#> 76L *#> -%		 	=  83 	
-N5&'b"	'(( @.!$I
''&0B=+%


2/
  

 3 	
   	  

.3

X'(X  !X   <'" X!#* !$X
'!X "  "($  (! b''I5b $#!' <4 <!#'& X
!'' ' <!#'F.G%
X"((X!'' ' <!#'  (''b %aXX!`
NFG×(" $ #b$ "X Π(''<  #'<!* (*!'
*#!  (! 0  % X     (" X #  <!* <∈Π  *$X X
GF!< 
 Π∈
= &bX! X#6$(*$@
G0FGF
0
0
G0FGFGF 


  +=∑−
=
+ O
bX!   X.I '*O   X  4 ( X <!#'% .!*  ! * *'': $''"
*! % X <!  F0G&F+GG& %%%& FFG&FR0GG& %%%& FFG&F0GG ! $''" X " % 
'G/0" $:  <%X* & '.  !$XX X! 
$' "*!&bX$X!:$:  "':$%
 . .IX!"<!#'" ''! !$X''(!X! !$X! %X
. '   !     `<!' #   (! X   ( !*  <4
$Xg* %$X!!(($`$'!X (!X <!#'&X*! $X" 
!(<<'"%
 X  b!5&  ( X X*! $ '!X > X !" #*  !$X "  
"($ !" $*  "%Xb!5 !4" (''b %! ':& # $"( 
"<!'! !%X&X!"#* !$X'!" ! # "
 <$':<* !$ "!"!"' %X'!X "($ b!
 "  X .  $  (! X . '#!!: .3% X ! *'  ( X    
F`<! G!<! " b''%Xb!5 $<'"bXX$$'*  %


22

 2. 2-+&!3

>5"' 
>*!  '! 
>'!
>'#'*  <* 
1>?<' ! 6 !C!<*$6
1>! 6 !C!<*$6
.>!:6'5'6<?5
.>!:6#*<?5
>#! <4 
>67!* *7": 
>5'*  <* 
.>5'6<?5
>5 '(*5$6
.>#*<?5
.3> ;<:4"7;'5!##'5F'%,	
8'		%
E%	5G


29
.&
.!" @
		
		
8						
.!! :! <!5:  !<& < < ' <' (*5$* ! a"b 
!<6%.!!!5*!":8<!"C<!!8@"*;('!"8%*!#D
?<'": 5  8': @
• *;#:'<!'#D<'<"!#<!! 5'%.4%"*;
#:' !	
 :! <!" <!!  5'& " <!!
<'"7<@&1	

• 3:' <"<!'#D#:' <': 	
&<'5 '(*5$6 !5?
*!#D*!":< <"#:'6&5*! <': &
• *; #:'  *!:  *! #D 5!5?5  F*!:  5 5  .3
#:' *!CG%
• * #:'6 !D5  55 !  ' !# :! 55; !  5; 5'";& 5!
<5 <!? %
8	
55	
 :5" <!!8 5! #*    #:'  !" & '; !$6;  5)* &
 ; !$6; ! *6; <'";  5)* & #"!  5;  5)*  ! !*  5 '
(*5$6 !5?% ""' #65; 5) FG&<?5'*7!*5%
 '! :5":8 ' # 5" *!*5 5'? 0, < <*"*% 5 
5  *!*5;'!8  !$6 <#6!  <";!4*';#:'6%
		"	5"/)8	20%5	
* :;#:'62)8:!5<!"(!$6@
• !$6;55 Fd0G> <!"!<!$"D! <'";55 O
• .'";55 FG>'!<'";55 O
• 5 <!#6  FG > <!!  :5": '5 <!#6 
 5*" %':* ,&!?5&5"'5 !#6 O
• >*"6 <!"* <!"* *!*%
* :;#:'8'5!*#55* 5 !"5!*&#'5 
6<"!<!!;<";&'5!*5<!!;!5? %.!!;
'?5* C5 *!%



2A

.!" 3@
.!!;* :;F5(*!$6 G#:' 2)8<:4": @
%2222222222222222222222222222222222222222222222222222222222222222222222222%
%3456)789:;)456)<=46;>=4?;)+)@=9649;>=;9:A=<<)57B:<=B+:5?94C<=+%
%2222222222222222222222222222222222222222222222222222222222222222222222222%
&&&
%222 	 			 222
);=9$-DEF%GH	-",-&&-FFFFFFF.
);=9$0-%GH	-",-&&-FFFFFFF.
5$6:3;F&IIF%52H	,JF.
5B$6:3;F&-KF%5B2H	,F&&-.
9B-%GH	,-&&-FFF.
+B-F%GH 
2	,-&&KFFF.
;)+=<)+);F% 	 
 ,JF.
%222	1
	#HH222
;:C8$A:9-%		L*		,-0.
<;<B$6:3;F&-FF%
M	
H	,JF.
>;<B$6:3;F&-DF%LL	
H	,JF.
+8;$A:9N% 	*		,-0KDEIN.
&&&
9=B;$A:9-%	*		,-0KDEI.
=B?$6:3;F&F0E%1		H	,JF.
&&&
9:5OB==OF-0KDEINPQ%	  	R
&&&
?:?$S4=6$;:C8F&FQE%;			H,F&&FE.
%
%2222222222222222222222222222222222222222222222222222222222222222222222222%

 .!" 	@
.'!? 5 #:'J7,'	K@
T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
T%);=9;B-%U
T%);=9:;=O;:C8B=:93>649;>=;B?A:9):5;-"3":&+)B=A)3)8B%U
T%39=:;=O0FFE&-F&00%U
T%3":&+)B=A)3)8B%U
T%+H0FFN&FK&-D%U
T%)&= %U
T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
);B-T			L-"U
H	
TV)L	&
UT
		L	U
	$	$	L$-	$ $$-

$$0$$K$$D

$
*	#"
 
 	
;M4?T02U
=7OTL	#U
9?7T	  	
"	U
+	T 	 	U
+)ATU
+T U
5593T	LU
)93T2U
)O93T22U
4*T*H*	
U
%):T	*
U%"
)H<TH 	
"U
?
T
U
; T 	

	U
8
T
U
	$	$	L$-	$ $$-

$$0$$K$$D

$
*	#"
T			LHL;B?*		-"U
T	$ 2	 U
T$$-$$0$$K$$D2 
 "H	U
T$2	  	RHU


2-
T2U
T  		52 H"U
TO2	 	1U
T
?2 	
"U
T62*H*	
U
*	1$-
T 	#
1-"U
1$0T 	#
10"U
1$KT 	#
1K"U
T1U



$$K$	
T%%%U

	
FT*HHHU
 $
	
FT   *HHHU
	 $
*

F&QET		 	
*
U
 -
F 0
F K
FT 	
*
U
 $
	$	
FT	1
	#*		
2	U
 $F $F
 $$-F $$-F
$F$F$$-F
$$$-$$
F
H
	6:<B=
	
	6:<B=
 *
	6:<B=
	$$F
		$*	
F
 $1$-
F

$1$KF

	
$$1F
LF
*F
-F0F
$-$F$-$$-F
$1$0$$-$F
$$-
F$$0
F
$$K
F
	1$$
F
	
$	$
T	
	H	 	1U
*	W


3$9	$B$$-
;	$<$B	<M$;	$<$B>L$;	$<$B"
$$-3$9	$B
HW-B	$>	;	$<X,B	$-X,W..X,B	$0X,W..F
B	$>	F
T	
$	$
U
	
$	$
M"
T	
	H	 	1U
*	W

	
$	$
T	
	H	 	1U
HW-M
-9	$?,W.09	$?,W".
H-Y0L
;	$<X,-.X,0.54;$:<<4Z=O
B	$>	B	$>	"
B	$-X,B	$>	.-
B	$0X,B	$>	.0



;	$<X,0.X,-.54;$:<<4Z=O
B	$>	B	$>	"
B	$-X,B	$>	.0
B	$0X,B	$>	.-


T	
$	$
U
	$$	$
 - 0 K D"
TH	 	
U

;	$<X, -.X, 0.1$K/;	$<$B
B	$>	B	$>	"
B	$-X,B	$>	. -
B	$0X,B	$>	. 0
;	$<X, K.X, D.1$K/;	$<$B
B	$>	B	$>	"
B	$-X,B	$>	. K


2=
B	$0X,B	$>	. D
T	$$	$
U
H	*	$-$0H1$$		#"
T	M 	$-	$0U
*	
F

F
$-,B$5.$-,-.
$0,F.$0,5.$0,B$5.$0,-.
H-5?$)1$0,$0,..
H-5
$-$$-,.
$-$$-$-,".
$1$0$$-$?$)1$0,$-$.
H$-$$0,$1$0$$-$."	
$-$$-$0,$1$0$$-$"."
$-$$-$0,$1$0$$-$"."""LTLU

"

	
T	U
	*$   T	*L
	
   U

H6YC$6L
C$66T	*L*H*	
U
 *?,-.C$?,-.5$)"T	*L 	U
H$
4C["T
	#*H*	
U

T	*$   U
T	$	$	L$-U
$$K$	$$K%	$H$	
+$66T   *H*	
U
 *?,-.+$?,-.5$)"
<	
$4$6$K6
 0+$+$<*$0"T 02 	
*
0"U
 K+$+$<*$K"T K2 	
*
K"U
 $1$-F
	*$   T	*
U
$$-$$$0$"$$K$
	1$$+:\$+B$5/$/

	$ "2-/B4HH"%+:\$);=9$5$-2-"2-
3$9	$B$$-
;	$<$B	<M$;	$<$B>L$;	$<$B"
$$-3$9	$B
B	$>	F
		$*	
 	1-$$K%F&0""
3$5?$5
00
;	$<$)$];	$<X,0.X,F.
)-$0[-$0
)0$0[0$KS0$D
)K$0[K$KSK$E<K$I
)D$0[D$KSD$E<D$N+D$P
A		$F
H1$--$$-T 	#
HU
H=<B-LL	$#$5B$*$DT$$-U"
H6Y<	
$4$6$KL
<	
$4$6$K6
H6Y+$6L
+$66
 *?,-.+$?,-.5$)"
	*$   
 K+$+$<*$K"T 	
*
K"U

 0+$+$<*$0"T 	
*
0"U
 $1$-1$-

T=<B-U
<	
$4$6$06
 -+$+$<*$-"
H1$0-$$0
<	
$4$6$-6

$1$K-

	
$$1-
1$K-
 *6:<B=


2B
ML
1$KY$$K" *"
H1$K2
	
$$1J		$*	
L
 	$D;:C8-A:9):5;$-A:9):5;$D1$K$$-"

	
$$11$K

 $
	)56)5);^
$?,.
O$?$)$]OX,$.X,F.
O$?$)$-$]OX,?,"..X,F.
$$$-$$O$?$)$-$X,$.
H-$$D
HY3$5L"


HY?$5L
HYJ0LTLU

3$55
"



0
3$5?$5

"
$?,.
O$?$)$]OX,$.X,F.
O$?$)$-$]OX,?,"..X,F.
$$$-$$O$?$)$-$X,$.
;	$<$)$];	$<X,.X,F.

	$$;	$<$)$X,.
$?,.
$$-?,".

	O$?$)$-$X,$./O$?$)$X,$$-.2
$$$-$$2OX,$.X,$$-.
H	$$J1$K"	
	
Y	 $
*
""
	6/
	Y<	
$4$6$-"
H
	Y $
	"	
H"
	"	1$KJ$$K$	""""L
 $
	
	
 $ $

THU
H $
	YJ)56)5);^L
66/ $
	TM*H*	
U
 * $
	YF"
L $/ $"L-
* $
H $L
$?,.?,.?,*.?,*.$
**"

H6Y<	
$4$6$-L
<	
$4$6$-6

	
$$11$K
H6Y<	
$4$6$0L
<	
$4$6$06
 -+$+$<*$-"
H6Y<	
$4$6$KL
<	
$4$6$K6
H6Y+$6L
+$66
 *?,-.+$?,-.5$)"
	*$   
 K+$+$<*$K"T 	
*
K"U

 0+$+$<*$0"T 	
*
0"U
 $1$-1$-



	$$	$
 $" $ $ $""
)L	$3)L	$3"
T $
	YJ)56)5);^U

 *6:<B=
H1$K >L$;	$<$B$0YJFLTLU


9,


3$9	$B$$-
;	$<$B	<M$;	$<$B
>L$;	$<$B"
$$-3$9	$B

H *	
1$K"2
$1$KJ
:)6$6	%;	$<$B""L
M$1$K$$-"
H6Y<	
$4$6$-L
<	
$4$6$-6

	
$$11$K
H6Y<	
$4$6$0L
<	
$4$6$06
 -+$+$<*$-"
H6Y<	
$4$6$KL
<	
$4$6$K6
H6Y+$6L
+$66
 *?,-.+$?,-.5$)"
	*$   
 K+$+$<*$K"T 	
*
K"U

 0+$+$<*$0"
 $1$-1$-



H1$KJ$$KL	
 	$D;:C8 	1-5%F&F-""A:9):5;$KFA:9):5;$0K0
1$K$$-"

$1$K1$K
 *6:<B=


1$K1$K"
TML
U
H1$0$$0L	
H -Y+	1$+$<*$-L - -"

 -+$+$<*$-
 *+$?,-.?,-.5$)"
	+	A		H
FTLU
-
 	$-? -$$0"
	

	$*$H$*	

	
$	$
 -""
T-U
0
6+$6
 	$0?6 -$$0"
	
$	$

T0U
K
6+$6
 	$D54;$;:C8 -A:9):5;$KFA:9):5;$0K0F$$0"
	
$	$

TKU
D
6	$3	

	 -Y5$*$0""
H6	$3	

	L6+$6
	$L$ -$$0"
H6	$3	

	LTLU

	

	$*$H$*	

	
$	$

TDU
E
$? ---$$0"
	

	$*$H$*	

	
$	$

TEU
I
$$? ---$$0"
	

	$*$H$*	

	
$	$

TIU
N
*$ 	? -$$0"


90
	

	$*$H$*	

	
$	$

TNU
LM
T	U
$$03$9	$B
TH1$0U
H=<B0L
L	$#$5B$*$0"
H6Y<	
$4$6$KL
<	
$4$6$K6
H6Y+$6L
+$66
 *?,-.+$?,-.5$)"
	*$   
 K+$+$<*$K"T 	
*
K"U

 0+$+$<*$0"T 	
*
0"U
 $1$-1$-

T=<B0U
H1$-Y$$-L
H1$-2 $1$-"J=B$?L
	1$$	1$$"
$$-	1$$$$0	1$$"
$$K	1$$
	9	A		H
FTLU
-
$1R/R"
H	+$??"Y5*D"L
 *+$?,-.?,-.5$)"
?,B$5.?,-.
 	$K?	1$$"
	

	$*$H$*	




 $ 	$0+$??; $?	1$$"
 *; $?,-.?,-.5$)"
?,B$5.?,-.
	

	$*$H$*	


T-U
0
TL1 	
*
 KU
$1R/R"
H KY+	1$+$<*$KL K K"

 K+$+$<*$K
 *+$?,-.?,-.5$)"
?,B$5.?,-.
6+$6
 	$D54;$;:C8 KA:9):5;$KFA:9):5;$0K0F	1$$"
L	$#$5B%0"
M$$
H6Y+$6L
+$66
 *?,-.+$?,-.5$)"
	*$   
 K+$+$<*$K"

T0U
K
$1R/R"
H	+$??"Y5*D"L
H KY+	1$+$<*$KL K K"

 K+$+$<*$K
 *+$?,-.?,-.5$)"
?,B$5.?,-.
6+$6
 	$D54;$;:C8 KA:9):5;$KFA:9):5;$0K0
F	1$$"



+$C
$<L 	1- 5%+C<$6:3;$-"?$5""
 $ 	$0+$??; $?	1$$"
 *; $?,-.?,-.5$)"
?,B$5.?,-.


9+
	

	$*$H$*	


H=<BKL
L	$#$5B%0"
M$$
H6Y+$6L
+$66
 *?,-.+$?,-.5$)"
	*$   
 K+$+$<*$K"

T=<BKU
TKU
D
$1R/R"
H KY+	1$+$<*$KL K K"

 K+$+$<*$K
 *+$?,-.?,-.5$)"
6	$3	

	 KY5$*$0""
H6	$3	

	L6+$6
	$L$ K	1$$"
H6	$3	

	LTLU

	

	$*$H$*	

H=<BKL
L	$#$5B%0"
M$$
H6Y+$6L
+$66
 *?,-.+$?,-.5$)"
	*$   
 K+$+$<*$K"

T=<BKU
TDU
E
$1R/R"
H KY+	1$+$<*$KL K K"

 K+$+$<*$K
 *+$?,-.?,-.5$)"
$? K0FKF	1$$"
	

	$*$H$*	

H=<BKL
L	$#$5B$*$P"
H6Y+$6L
+$66
 *?,-.+$?,-.5$)"
	*$   
 K+$+$<*$K"

T=<BKU
TEU
I
$1R/R"
H KY+	1$+$<*$KL K K"

 K+$+$<*$K
 *+$?,-.?,-.5$)"
$$? K0EEF	1$$"
	

	$*$H$*	

H=<BKL
L	$#$5B$*$P"
H6Y+$6L
+$66
 *?,-.+$?,-.5$)"
	*$   
 K+$+$<*$K"

T=<BKU
TIU
N$1R/R"
LM
T	U
	
$	$

<	
$4$6$K6
 0+$+$<*$0"
 $1$-1$-




9/
H 0Y+	1$+$<*$0L 0 0"

 0+$+$<*$0
H+$)$5Y-L
 *+$?,-.?,-.5$)"
	+	A		H
FTLU
-
 	$-? 0$$K"
	

	$*$H$*	

T-U
0
6+$6
 	$0?6 0$$K"
T0U
K
6+$6
 	$D54;$;:C8 0A:9):5;$KFA:9):5;$0K0F$$K"
TKU
D
6	$3	

	 0Y5$*$0""
H6	$3	

	L6+$6
	$L$ 0$$K"
H6	$3	

	LTLU

	

	$*$H$*	

TDU
E
$? 0DN$$K"
$1RE 			*#R"
	

	$*$H$*	

TEU
I
$$? 0N-F$$K"
	

	$*$H$*	

TIU
N
*$ 	? 0$$K"
	

	$*$H$*	

TNU
LM
T	U
$$K3$9	$B



B	*$6)56)5);^
H-+$)$5
 *+$?,-.?,-.5$)"
?,B$5.?,-.
	+	A		H
FTLU
-
 	$-? 0$$K"
	

	$*$H$*	

T-U
0
6+$6
 	$0?6 0$$K"
T0U
K
6+$6
 	$D54;$;:C8 0A:9):5;$KFA:9):5;$0K0F$$K"
TKU
D
6	$3	

	 0Y5$*$0""
H6	$3	

	L6+$6
	$L$ 0$$K"
H6	$3	

	LTLU

	

	$*$H$*	

TDU
E
$? 0DN$$K"
$1RE 			*#R"
	

	$*$H$*	

TEU
I
$$? 0N-F$$K"
	

	$*$H$*	

TIU


92
N
*$ 	? -$$0"
	

	$*$H$*	

TNU
LM
T	U
$$K3$9	$B
H6YB	*$6L
B	*$66
 *?,-.B	*$?,-.5$)"
 *9	$?,-.; $9	$?,-.5$)"

THU
6B	*$6
 *B	*$?,-.?,-.5$)"
?,B$5.?,-.
 *; $9	$?,-.9	$?,-.5$)"

	+	A		H
F	
$	$

-	
$	$
 0""
0	
$	$

K	
$	$

D	
$	$

E	
$	$

I	
$	$

N	
$	$

LM
T	U
T1$-Y$$-U
T 	#
U
H-B	$>	;	$<X,B	$-X,..X,B	$0X,..F
6+$6
T	$	$	L$-U
&T-U

.!" @
*<!$"D!;? #:' J<7
	KF.d,+&.d,/&.d,2&
.d,9&.d,A&.d,-G@

T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
T%+8;)5A=9%U
T%+8;:;)45:5O)5A=9B)45?943=O89=B%U
T%39=:;=O0FFI&-0&0-%U
T%3")&=)+45;)=5=%U
T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
+)*T* 	U
H	
TV)L	&
UT
		L	U
*$ 	*	$H1$$		# 
"
 
 	
9?7T	  		U
8	-TH	 	-"U
8	0TH	 	0"U
8	K-TH	 	K&-"U
8	K0TH	 	K&0"U
8	KKTH	 	K&K"U
8	KDTH	 	K&D"U
8	KETH	 	K&E"U
8	KITH	 	K&I"U
8	KNTH	 	K&N"U
?
T
U
8
T
U
*$ 	*	$H1$$		# 
"
THL)* 	)A+"U
T$2 	U
T 2 	
*
U
T2	  	RH 	 	U
 $-F
F-F
$*F
-T  	U


99
F
*	T1U
T1U
T 	 	
	U
T 
$ 	$*-U
$,B$5.$,-.
3$9	$B
 *$,-.9	$?,-.5$)"
	-5"
9	$?,.
F
H52-T 	 		
		
U
9	$?,.9	$?,/-.

$*	-52-"
52-
ML
J$*2-
9	$?,/-.9	$?,.
"

9	$?,$*.
 *9	$?,-.$,-.5$)"
$,B$5.$,-.
T*$ 	U
&T 		*U

K"	E"

T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
T%+8;)5A=9%U
T%+8;:;)45:5O)5A=9B)45?943=O89=B%U
T%39=:;=O0FFI&--&0P%U
T%3")&=)+45;)=5=%U
T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
+)*T* 	U
H	
TV)L	&
UT
		L	U
*$ 	*	$H1$$		# 
"
 
 	
9?7T	  		U
8	-TH	 	-"U
8	0TH	 	0"U
8	K-TH	 	K&-"U
8	K0TH	 	K&0"U
8	KKTH	 	K&K"U
8	KDTH	 	K&D"U
8	KETH	 	K&E"U
8	KITH	 	K&I"U
8	KNTH	 	K&N"U
?
T
U
8
T
U
*$ 	*	$H1$$		# 
"
THL)* 	)A+"U
T$2 	U
T 2 	
*
U
T2	  	RH 	 	U
 $-F
F-F
$*F
KT  	U
F
*	T1U
T1U
		#,F&&0.HT 	 	
	U
$*		#,F&&0.HT 	
			*	U
T 
$ 	$*KU
$,B$5.$,-.
3$9	$B
 *$,-.9	$?,-.5$)"
	-5"
F
HF2-
H/Y5L
,/-.9	$?,/.



"


9A
,/-.9	$?,.


HF2-T	*	 	2*# 	*	U
$*,/-.,2.

F
F
H/Y5/-L
H52T 	 		
		
U
9	$?,.9	$?,/.




/252-
H/2552/
"
9	$?,.9	$?,.


552
$*	-5"
F
ML
Y
5/
ML
J$*2-
9	$?,/-.9	$?,.
"

"

55/
F
H$*$*/2-
"
9	$?,.$*,.

 *9	$?,-.$,-.5$)"
$,B$5.$,-.
T*$ 	U
&T 		*U




T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
T%+8;)5A=9%U
T%+8;:;)45:5O)5A=9B)45?943=O89=B%U
T%39=:;=O0FFI&--&FI%U
T%3")&=)+45;)=5=%U
T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
+)*T* 	U
H	
TV)L	&
UT
		L	U
*$ 	*	$H1$$		# 
"
 
 	
9?7T	  		U
8	-TH	 	-"U
8	0TH	 	0"U
8	K-TH	 	K&-"U
8	K0TH	 	K&0"U
8	KKTH	 	K&K"U
8	KDTH	 	K&D"U
8	KETH	 	K&E"U
8	KITH	 	K&I"U
8	KNTH	 	K&N"U
?
T
U
8
T
U
*$ 	*	$H1$$		# 
"
THL)* 	)A+"U
T$2 	U
T 2 	
*
U
T2	  	RH 	 	U
 $-F
ET  	U
F
HFT
H	
		 &5U
*	T1U


9-
T1U
T1U
H0T U
		#,F&&D.HT 	 	
	U
$*		#,F&&D.HT 	
			*	U
		#,F&&+:\$5.H
$*		#,F&&+:\$5.H
T				U
T	U
T			U
T 
$ 	$*U
H5*
HH%F&E"
HHY-LH-
-
F
5*H
HFH2-
/-
%/-"
,.	"
$*,.	2"

HFH2-
$,B$5.$,-.
3$9	$B
 *$,-.9	$?,-.5$)"
F
HF2-
H,./Y5L
,/-.9	$?,,./.



"
,/-.9	$?,.


HF2-T	*	 	2*# 	*	U
$*,/-.,2.

F
F
H,./Y5/-L
H,.52T 	 		
		
U
9	$?,.9	$?,/.




/,.252-
H,./2552/
"
9	$?,.9	$?,.


552
F
ML
Y
5/
ML
J$*,.2-
9	$?,/-.9	$?,.
"

"

55/
F
H$*,.$*,./2-
"
9	$?,.$*,.

 *9	$?,-.$,-.5$)"
$,B$5.$,-.

T*$ 	U
&T 		*U




9=


T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
T%+8;)5A=9%U
T%+8;:;)45:5O)5A=9B)45?943=O89=B%U
T%39=:;=O0FFI&--&-I%U
T%3")&=)+45;)=5=%U
T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
+)*T* 	U
H	
TV)L	&
UT
		L	U
*$ 	*	$H1$$		# 

"
 
 	
9?7T	  		U
8	-TH	 	-"U
8	0TH	 	0"U
8	K-TH	 	K&-"U
8	K0TH	 	K&0"U
8	KKTH	 	K&K"U
8	KDTH	 	K&D"U
8	KETH	 	K&E"U
8	KITH	 	K&I"U
8	KNTH	 	K&N"U
?
T
U
8
T
U
*$ 	*	$H1$$		# 

"
THL)* 	)A+"U
T$2 	U
T 2 	
*
U
T2	  	RH 	 	U
 $-F
F-F
$*F
ET  	U
F
*	T1U
T1U
		#,F&&D.HT 	 	
	U
$*		#,F&&D.HT 	
			*	U
T 
$ 	$*U
$,B$5.$,-.
3$9	$B
 *$,-.9	$?,-.5$)"
	-5"
F
HF2-
H/Y5L
,/-.9	$?,/.



"
,/-.9	$?,.


HF2-T	*	 	2*# 	*	U
$*,/-.,2.

F
HF2-
H/Y5L
9	$?,/.$*,/-.



"
9	$?,.$*,/-.



9B

 *9	$?,-.$,-.5$)"
$,B$5.$,-.
T*$ 	U
&T 		*U



T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
T%+8;)5A=9%U
T%+8;:;)45:5O)5A=9B)45?943=O89=B%U
T%39=:;=O0FFI&-0&FD%U
T%3")&=)+45;)=5=%U
T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U
+)*T* 	U
H	
TV)L	&
UT
		L	U
*$ 	*	$H1$$		# 

"
 
 	
9?7T	  		U
8	-TH	 	-"U
8	0TH	 	0"U
8	K-TH	 	K&-"U
8	K0TH	 	K&0"U
8	KKTH	 	K&K"U
8	KDTH	 	K&D"U
8	KETH	 	K&E"U
8	KITH	 	K&I"U
8	KNTH	 	K&N"U
?
T
U
8
T
U
*$ 	*	$H1$$		# 

"
THL)* 	)A+"U
T$2 	U
T 2 	
*
U
T2	  	RH 	 	U
 $-F
F-F
$*F
ET  	U
F
*	T1U
T1U
		#,F&&D.HT 	 	
	U
$*		#,F&&D.HT 	
			*	U
T 
$ 	$*U
$,B$5.$,-.
3$9	$B
 *$,-.9	$?,-.5$)"
	-5"
F
HF2-
H/Y5L
,/-.9	$?,/.



"
,/-.9	$?,.


HF2-T	*	 	2*# 	*	U
$*,/-.,/-.

F
F
H/Y5/-L


A,
H52T 	 		
		
U
9	$?,.9	$?,/.




/252-
H/2552/
"
9	$?,.9	$?,.


552
$*	-5"
F
ML
Y
5/
ML
J$*2-
9	$?,/-.9	$?,.
"

"

55/
F
H$*$*/2-
"
9	$?,.$*,.

 *9	$?,-.$,-.5$)"
$,B$5.$,-.
T*$ 	U
&T 		*U



































A0
.!" @

>*		6	7
		66

O	<G	6	7
	'??C>6<	
	57P
*>G	6	7
>'??C>1='Q1==#



A+
.%+,(.D*,+ +&M*I,+
*+ %+,-.-&%

.	<>6	 H

O	238
	><H		>
'"8−1	P16	>E,−6;O		
,;6;6191>;99
+		=
		Q2	>	)	
2Q


 ?<') 5;*! ;'!;5#!<4FG*7"  <!E 
:! #* <?5  F.G <!$<* <!C  '!% # <! <5:*  . <#*' U "6
!:6 #* <?5 F.G% H  !< :6 !6  !:   #* <?5  "
5: & <!"778*7"CU567!* *7"CF'%	
8		%G
FG% . D': 5' . '! !& #  5!:  <*"6   <!"; "! (5
F*G <!! % H ! ?#":  *     <:4"7  ?  ; <:4"7;
##'5  .3% * 5 <!; !4*' !"& 6 *6  < D':  ! 6  ! C!<
* <!!*  <"" . (5:*8 ! :! <!?   *7 5*  "! (5 <!!* 
""'"' ;<:4"7;%

0%1" 
67!*  *7":  FG L2M (!*'*6  <@ "*  *; !<  5!; #65; F6* 
<!"  G!$NFG×##Π&5*!8 *"! 'D!; 5);*05
<! :%5 *! 5C<! :8∈Π&5*! #D;4*5 '(*5$6@
 G0FGF
0
0
G0FGFGF 


  +=∑−
=
+ % F0G
.! :* F  <!"*G NFF0G& F+G& %%%& FGG FFG∈P0&+&%%%&QG 5   ;  5& %:%
!?!* % .! : '  FG 7: I86C <'5:8 !?!*  8& * !<* <! : <! 
FF0G&F+GG& %%%& FFG&FR0GG& %%%& FFG&F0GG:! !5*6 5<!?!*5!< &FG !?5!?!*
'C% 5* #D"* 5 '8 '  *(!*'* ! <@  *!  !*<* 8 '8 *7"!8!?!*8& 5*!
55   <'5 585!8%
67!*  *7":  <!5'*  .I *5; 5#! <4 *7"; 5'  ! :!
 ?5 5 <! #4& 5*! ! ! C!*  '!*  L0&/&2&A&=M% '* !6 
*!  !:  #*<?5 F.G" #D?*7"*%
!<   !*5D! :! 5% ? <!"7; <7'  !:   #* <?5  <!$< % / 5%
<!? .'!"(5$6 567!* *7"*%5 <!; :!;!4*'&*
 *C!   <:4"7 &<52 5%!<  # ?" %

+%!:6#*<?5
!:6 #* <?5 F.G :!  !5?5  #"!  *!  " U
!:   '5'   <?5  F.G L-M U 6 %   . "6  ':< J!* !
 :S "5 <!C   <?5   !6  5:* !6  <!"; !"E%
!$* #D"* !  <!"*  F : <?58G # 6*  5 5! <!!5&
! (!*6 F"! (5*6 <?58G ! < <! *  '5' <'* 
 <!"<!5&  <!<55C"" *  <!";<!"* &<
 *"! <'5    8':  ! <! '#'6 <*% !:6 #* <?5
$X!5!4*6 ?  <!"  5< @ '5'86 <?5 F <!" '5'6
<! F.G<!$"D!G&"! (5* F <!"<!!5:U '*! 
!8J*SU<!!*G! <!"I5""!55!!6*%
!:6 '5'6<?5<!"""* <!" F6* :!5*! ! 
<! :  G <!*& * '5' <';  <!"C& !5 •% *  


A/
 <!":  :!  5!*  * <!!5 & * *68  <!"C& <4% _ %
5 !*  <!":  _ "?*6 !*6) '5'6<!<!$"D! 
<!"  <!" "C% . <!$"D! !87 *68 '5' <';  <!"C•&
? '!5 !*6 !%%
." !*5D!:!'#<?LBM%  . 5!  #!*7 :! &5"
'5'   <?5  ":6 :! #* <?5  F.G L+M '! % .! & 5"
<!" "! ."6:!'" '5 <!";<!6* ! 6 &
5 *6    <!":  ? "*6  <!" <'5 i ! !   *7  8  <!"C%
 5! <!6 *7"!*"7 & 5" #D; '"7 !C7 C *  <)* & 6*
!*   <!"* % !*  *  <!"; "!*"  *"6  ! "  
 <!$6 5!!6* L+M%

/%!:6#*<?5!6 "(5$6 567!* *7"*
*"!: . '! 567!*  *7"* 5  <!C    $X 
FR&τ&0G5:*% ? $X&#"! '#';F%:% !:  #*<?5 G
!$6;  5)*  :! ':*  R% 5  ? R !$6; * '5 τ '5'; F%:%
 <!" '5'6 <!& <*"6 #* <?58G !$6; !   <!"
* !$6 F  5!<   C * <!$"D!8G% H* 6*  "*Rτ
!?5 #"!8 !$6;  5);&   :5 R[τ ' #D !5*6  5< "! (5
F*$6;G"7* %
. " 5  $X& <*"6 (!'8 <!?: < *"I5'#8& <5
0<%

), %-	*
<!""*: @−   <!": &R−#"! F'#';G.!$6; 5)* &
τ−";F'5';G.!$6; 5)* &µ−*': F <!* G
!4*'@∗−!*   *!   <!": 
	

 	
	τ		"			_

 	##	•
∗•
L0R	
<!" !:  #*<?5 $5' 
	2		 	* 
	
 	* 	 	* 
#µ

 	##	 _ 
	 _ 	
	τ			_

				##	•
F•GWF∗G∗•!  !  F'5'<'* G <!": C  
(!


"#					>	
	R6S

/%0%<!";'5'6<!<!$"D!
.!" .'! <!": !*6  5*#D"*% ! <!'"&6'*;
!4*';!*8'<!"  <!": &#'  !$  <!";!<!$  %
<!"; '5'6 !* *"6  L=M  !< :6 <!?:  #* <?5  '! % #
!*< ? '! (*5$  '; #D * 5:  <% . <!$   <!""  * <!"

i<!"  <'5 "  <#  Π′⊆Π&  *"!:  ?  <!";& J<55 !;S  <!"* %
<'5*&<*"65!8<'5 (*5$68Θ@Π→+ΠF+Π7:# Π ;';<#;#EG%


A2
 <!"&%:%!?!*&<<!6? <!"C58:5"!$*#D"*%.?5 6
'4*66 <!"<'5ΘFG!<!C8 <!"C′∈ΘFG&5*!5 '(*5$6 
 !5? :! 7*  F<!6  ' #D '5  ! * 6*& 5  <#' 5 ' (*5$6 
!5?EFjGG%!C7 C5  *  <!"* *!#D*7"!*  5!'5!<*U5"#D;?
<?5 5!6*< J?5S%!'4*6& C!*5!*  <!"*  C <$'; 8!?8
FCG,%5*#D"*<!6 C <!"C′∈ΘFG:!#*&6*  <!": "***:! 8!?
,%
? * .'!<!?: :!"* L=M !< :6%

/%+%<!";* 
<!";*< 5! U"! (5*<?5 <!$ 8&J? 5'"S<?58
55 C C!    <!"; !"  "': % * * ! 5 ' "*6
 <!"  ?5  *!":&  *!*O !)* !5?)& !*6 *68  <!"C&
 5& 6 *   <!":  <'";  5!  !  5    <!"
$X!5! 5 &# *<)* *!#D*75!  !<55  *  !<   !
*6* <!"%
<!"7567!* *7"C&CC!D  <!";*#D"L9M%
'; * <!!; <:4"7 :!@  *5 *$6& C!< *$6&
! 6  F<!G *$6 ! 5% ; * <!!; '* !$6  <5 
+<%


'# 			56T	
9:>;	
9:>

	9	:
9:

5 <"" . '! (5:* '< C& < D': <#*' *
<!! U  ! 6  ! C!< * <!!*  # ?<'   ! 6  !
C!<*<!!* %

/%+%0! 6 !C!<*<!!* 
! 6  ! C!< * F1G <!!*6 <6*   <!" ';
!  F<! G ! !*; '; C!< 56  <!"<4$66%3
&1<!$"D!6*: <<'" ! 6 !C!<6 &5*! * &5
!*68 8&%:% <!"';F!?!* ;G!5C *"!!
 <!" '% !*6;  <!" ';  5)*  F  ' G FµG
<#!7*':CF <!*8G%5*':* : :!'# !#* &
 5 * *5?  55:#   <!"* %  <"!: ' 5 <!; #D"* F7!%
2 5%G%

         
         
         

< !5 !?!*  F5!  5)* 
 ;G<!) F  ;? " :
!5!*6&5<<!":<5 '':6G
9:

         
         
         

< !5 !?!*  <?' ?  
 !C!< 56<4$66
9:

         
         
         

"*< !5!?!*  *5) 
9:


A9
1<!!* 5<!$< '* !*6 /<%!'* ! 6 !C!<
*<!$"D! <!?: <5 2<%


0#
	;				6T

	
9:>6
	
9:

/%+%+?<' ! 6 !C!<*<!!* 
3"!   ! 6  ! C!< * 6  :! <#*'& ?<'  ! 6  ! C!<
* F1G <!!* % .#*'   U !8 ! C!<8 5:  &  5' 
 <!"&%:%!?!*  %H*6*:! !#*"! ; 5)* FDG<!5 %
1<!!* (*5$ $X'* !*69<%
.!5  <!"CI5""8 **& 5 "   J5$!*  <?5 S  !6%
H* 6* 5""  * <!$"D! :! !*   "** *  *!   '5' <'* 
 <!": % '"7 (5* *&  * : <?58  5!   <!"; !"   !: & #D ';
'5'<'; <!";<'5 %

)
 ).	 
<!""*: @−   <!": F!?!* G&− ; 5)* &µ−*': F <!* G
!4*'@ _ −**  <!": F!?!* G
	



≠
"− 5 5)?!'L0&M&
)#		!*6 <4$6 !?!**! &

−C!<<4$6 *! 
Rµ−0≤	F&&&0&µG
	
	F&&&0&−R0G	F&0&&−R+&µ−RR0G

 GF 
 =  '!*6&* 8  

Rµ−0≤	F  &0& &_ 
&µG
	
	F  &0& &_ 
&−
R0G
	F  &−
R+& &_ 0&µ−R
R0G



  _ 


1#
	;			U	#
T	U	FN&&5&&G665	N>RS
	L
>
;S5>RS
	L



         
         
         
         
         
         
         

< !5 !?!*  <?' ?
   &<!) F5<!! 6 
*$6 6*G&<C!< 566
F<?&5<C!<*$6 6*G
9:

         
         
         
         
         
         
         

9:
 5! ! 6 !C!<*$6 6 
* &5!*68 8 *"!
!<! :'


AA

8#6<	
	;				6

"66<#67	567	L6
δ >"V@	# 
L
 	
$  $ 9µW0: $ 9µW8: $ 9	
W@"?:
0% +=, +=, +9-B ,&2 =[, ,&92 =[+ ,&+2 B[/ ,&/- B[0
+% 2= 2= 0,A+= ?>?1 "?@A ?>?1 "?@A ?>?1 "?@A ,&00 0,[A
/% #:+B +B 0A0, ? "?@"? ? "?@"? ? "?@"? ? "?@"?
2% #!'9+ 9+ -92+ ? "?@"? ? "?@"? , "?@"? ? "?@"?
9% #!0+- 0+- 00=+=+ ,&,/ "?@B ?>?" "?@B ,&,/ 0,[= ,&0+ 0,[A
A% #*!02 02 //+/ ? "?@"? ? "?@"? ? "?@"? ? "?@"?
-% '0,0 0,0 A+B2 ,&+B "?@8 ?>'8 0,[/ ,&/+ B[9 ,&/ B[9
=% !0- 0- +,=9 ? "?@"? ? "?@"? ? "?@"? ? "?@"?
B% !2= 2= 9,2A ? "?@"? ? "?@"? ? "?@"? ? "?@"?
0,% !BA BA 99+,B ,&,B 0,[2 ,&,B 0,[9 ,&09 0,[2 ?>?1 "?@C
00% 5!0,, 0,, +0+=+ ,&00 0,[A ? "?@"? ,&,- 0,[- ,&,2 0,[A
0+% <!-A -A 0,=09B ? "?@"? ? "?@"? ? "?@"? ? "?@"?
0/% <!0,- 0,- 22/,/ ,&02 0,[2 ,&0/ 0,[A ?>" "?@C ,&00 0,[9
02% <!+BB +BB 2=0B0 ,&+- 0,[, ?>"A "?@' ,&+9 0,[, ,&+0 0,[0
09%  -, -, A-9 ? "?@"? ? "?@"? ? "?@"? ? "?@"?
0A% *09B 09B 2+,=, ? "?@"? ? "?@"? ? "?@"? ,&,= 0,[B

2%5 <!;!4*'
5 ?!  *"!:; ."(5$6; (5:*8& #* '5 5 <! :!  * C! 
    <:4"7  F"* G ?  ; <:4"7; ##'5  .3 L0,M% 5 <!; *
':   5!  . "(5$6 & #  5!)  <*"  * <!$"D! % 5!)
5 <!*  * ? *<!! @ GC!<*$6 F1GO #G! 6  ! C!<*$6
F1G&5* <!* µ':* /F5µN0&1 *< *1GO$G! 6 !C!<*$6&5
µN9O "G?<'  ! 6  ! C!<*$6 F1G& 5  ;  5)* D ':* [0, F :! ;
 5)* G%
3* < !5 5 '!; (5:* C! 5!!6@ G"*   :5  *5!:<  *
<'*   <!"U δ  F << GF0,,  −=δ LeM& )   :! *; 5 ' (*5$6  !5?; F!?!*;
';G "*!5 & < 5)*  '5*  0, '! <5!; :5":;&  < :! <' 5 ' (*5$6 
!5? F<'  !5?  '  *7 ? L0,MGGO #G <!";&  ); J0e <'* !'S
Fδ ≤0G& 5)* F5'50,<5!;:5":;GU-0eO$G! ;<'; <!"; 5)* U-<%
 5!;."(5$6;<':!4*'<50''6%


=#%				5767L


         
         
         
         
         
         
         

?<'  ! 6 !C!<*$6 
6 * &5!*6!C!<
"***   

(
(
(
(
(
(
               
() 













*
+
$ 
$ 9µW0:
$ 9µW8:
$ 9	
W@"?:


A-
:& 6 '!; !4*' <!5'*  *  ; "*; < F7!% A<%G% )* ""' "'
 ;<:4"7;! 6 !C!<*<!!* &!"&:!<!?  *75* %4*'&
*!   <:4"7 &'*"6&6*': F ' G&*"61<!!;&
<< C56 <!";55:#E%!* * !4*'* * <:5*&5  '  ':* /% 
5&!< 5#65: * !4*'* &!5;'5<<'"* 5 <!* %

9%?" 
. !*6* * 5#! <4 FG *7"   <!E  <') 5 #* <?5 
"5<!C '!%<! <5:;."! 6;:!!:6#*<?5F.G%H
 !< :6 <5 !4*'& * ?#"7*  !:68 #* <?58  *" ! 7 
*7"*U567!* *7"*%
. D': 5' !:   #* <?5  !& #  5!:  <*"6   <!";
"! (5& %:% * <!! % H ! ?  *     <:4"7  ?  ;
<:4"7;##'5 .3%
*5 <!;!4*'!"&6*6 < D': ! 6 !C!<*F1G<!!* 
<"".(5:*8&'"7<!<!8:5":'58* <!"* &5*!:!<'D !#'#
! <' % 4*' < < '*"6& 5" 1 <!!* & <!5*  58 * ':C& :!
<!?  *75* *!* ""'"'!; ;<:4"7;%
*"!: 1!1<!$"D! ';#D'*"(5*6 !#*' %

!D!  8!? 
L0M ,#3#(6#`<! !' ' X*! $ %.!$" (X! *'	I:< *
 $!'!X F!$ $&G&0BB,&B0IBB%
L+M M#46	> #37#,	%'	23&!"!$X@'*b!&0BB-%
L/M &##,	G	# $' <4 " X !'  '  <!#'%  28 ) 3 93 7		
-L   		> E	8	8 	 8	8 E2 D  - '22& '%22/& 3!'@
<!!&0BB,&22AI2A0%
L2M &##,	G	> 3## 4	G# X !'  '  <!#'@  $   *":%  %! & %% ! F" %G&E2	
'	23-%			&	X$X !@a':&0BB-&+09I/0,%
L9M #37> I# #F#*
> #F# 7> #L> #&L# $ '!X  (! X !'  ' 
<!#'@!b(!<!  "<!! % )2	782*
J&0BBB&'%0/&0+BI0-,%
LAM #3>(#K#*7G# (($X*! $ '!X (! X !'I ' <!#'%	*	23&
0B-/&'%+0&2B=I90A%
L-M F##3		> +# > #XL6# !" '$'  !$X%  %'!& %$X#!! F" %G& M	% )
<	32&!b''@'*b!&+,,+&/+0I/9/%
L=M # H%!:  #*<?5 '! 567!* *7"*%7)	2$238=
)2SE
		$T	"H	8	&* &+,,9&B0I0,0%
LBM # H> #3H> &#6# !" #*  !$X@  <!   "!" #*  !$X%
7)	,2385	-&+,,A&'%/9&%/&0=-I0B-%
L0,M 4#6#.3− !' ' <!#' '#!!:%*' 	-8&0BB0&'%/I2&/-AI/=9%
L!%<<LMMM&M&2L
& HM	;B?<)CQE%M


3	
	

.3



#* !$XFG'!X !X b"':* "(!$#!'<4<!#' %
( X<! X$ ( #* !$X   X !" #* !$X FG%  X <<!&b" $*   X
!"#* !$X<<!$X(! X(* <4<!#'& X!' ' <!#'F.G%
<!$*'!& !'"($ (X'!X!<!< "%X "($ !`" 
(X.  $ 5(!X.'#!!:.3%X! *' #"(!X`<!  Xb
X Xb<!< " "($# " ! "  !*<!!    *<!! 
X!! '!<!(X. $ `"%


